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CORONAL  CEMENTUM  AND  CORONAL  RESORPTION^ 


RUDOLF  KRONFELD,  M.D.,  D.D.S. 

Tim  PoimdaHoH  Jot  Denial  Research  of  The  Chicago  College  of  Denial  Surgery,  Chicago 

Among  the  tissue  changes  in  human  teeth  still  baffling  to  a  large 
part  of  the  dental  profession  and  even  to  some  men  engaged  in  dental 
research  are  the  resorptive  and  reparative  processes  occurring  prior 
to  eruption.  It  has  long  been  known  that  resorption  sometimes  takes 
place  on  the  crown  or  root  of  an  embedded  tooth;  little  information, 
however,  is  available  concerning  preemptive  changes  on  the  crown 
surfaces  of  normally  formed  and  empted  human  teeth. 

Noyes  (1)  refers  to  ‘‘coronal  cementum”  describing  it  as  a  deposi¬ 
tion  of  small  amounts  of  cementum  on  the  occlusal  fissures,  which 
cementum  is  occasionally  observed  in  ground  sections  through  molars 
and  bicu^ids.  Beyond  this,  dental  literature  contains  very  little 
concerning  the  frequency  and  possible  etiology  of  such  an  occurrence. 

In  order  to  understand  the  problem  we  have  to  consider  briefly  the 
condition  of  a  tooth  after  completion  of  amelogenesis  and  before 
emption.  The  completed  enamel  is  covered  by  several  layers  of 
stratified  squamous  epithelium,  the  reduced  enamel  epithelium,  nor¬ 
mally  continuous  over  all  of  the  enamel.  In  fully  embedded  teeth 
it  may  persist  intact  throughout  the  entire  span  of  life.  Occasionally, 
however,  in  embedded  teeth,  a  dehiscence  develops  in  the  enamel 
epithelium,  and  then  the  connective  tissue  of  the  tooth  follicle  comes 
in  contact  with  the  enamel  surface.  Then  one  of  two  things  is  pos¬ 
sible:  The  connective  tissue  may  deposit  cementum  directly  upon 
the  intact  enamel  surface.  Since  this  degeneration  of  enamel  epi¬ 
thelium  occurs  most  commonly  near  the  cemento-enamel  junction, 
most  of  these  cementum  deports  appear  as  so-called  cementum  spurs, 
extensions  of  the  radicular  cementum  over  the  cervical  portion  of  the 
crown.  The  other  possibility  is  that  the  exposed  enamel  may  be 

*  Presented  at  the  Sixteenth  General  Meeting  of  the  International  Association  for 
Dental  Research,  Minneapolis,  Minnesota,  March  13, 1938. 
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resorbed,  followed  by  the  deposition  of  bone  or  a  bone-like  substance 
to  replace  the  enamel  and  dentin.  The  more  or  less  extensive  defects 
which  are  occasionally  observed  in  completely  embedded  teeth  belong 
in  this  category. 

The  defects  in  the  epithelial  attachments  of  erupted  teeth  and  their 
sequelae  were  first  discussed  by  W.  Meyer  (2),  who  called  attention 
to  the  relative  frequency  with  which  the  reduced  enamel  epithelium 
(appearing  as  epithelial  attachment  to  the  enamel)  becomes  atrophic 
near  the  cemento-enamel  junction.  Orban  (3)  showed  a  case  of  re¬ 
sorption  of  the  enamel  near  the  cemento-enaimel  junction  of  an  erupted 
human  tooth.  In  the  molars  of  hypophysectomized  rats  Schour  (4) 
found  extensive  enamel  resorption  in  the  region  of  the  epithelial 
attachment;  sometimes  these  defects  extended  through  the  enamel 
into  the  dentin.  Schour  suggested  as  a  possible  explanation  for  this 
the  delayed  eruption  of  the  molars  in  these  animals,  which  may  con¬ 
tribute  to  the  atrophy  of  the  epithelial  attachment.  Small  cementum 
spurs  at  the  cemento-enamel  junction  are  a  very  common  occurrence 
in  all  human  teeth.  Van  Kirk  (5)  found  the  cementum  overlapping  the 
enamel  in  67  per  cent  of  443  teeth.  In  embedded  teeth  these  de¬ 
generative  changes  in  the  enamel  epithelium  are  well  known.  Much 
less  information  is  available  concerning  the  possibility  of  such  proc- 

Fig.  1.  Labiolingual  section  through  an  unerupted  lower  second  permanent  molar  of  a 
boy  of  11  years.  A  round  calcified  mass  lies  in  the  connective  tissue  opposite  the  occlusal 
fissure.  The  bottom  of  the  fissure  is  filled  with  a  similar,  smaller  mass  of  coronal  cemen- 
ttun.  P,  pulp;  D,  dentin;  £,  enamel  space;  AB,  bone;  A,  coronal  cementum  in  the  bottom 
of  the  fissure;  B,  calcified  body  (cementicle)  lying  free  in  the  connective  tissue  of  the  tooth 
follicle;  OE,  oral  epithelium.  Magnification  X  4 

Fig.  2.  High  magnification  of  area  B  in  Fig.  1.  £,  enamel  space;  EE,  renmants  of 
enamel  epithelium;  CT,  connective  tissue  of  tooth  follicle;  EC,  epithelial  cells  (remnants  of 
outer  enamel  epithelium;  A,  coronal  cementum  in  the  bottom  of  the  fissure;  B,  calcified 
body  (cementicle)  lying  free  in  the  connective  tissue  of  the  tooth  follicle.  Magnification 
X  64 

Fig.  3.  Mesiodistal  section  through  a  partially  erupted  lower  second  permanent  molar 
of  a  boy  of  11  years.  Most  of  the  mesial  cusp  is  erupted;  the  rest  of  the  crown  is  stiU 
united  with  the  enamel  epithelium.  The  occlusal  fissure  is  filled  by  a  large,  irregular 
calcified  mass  which  lies  in  direct  contact  with  the  enamel  surface.  P,  pulp;  D,  doitin; 
E,  enamel  space;  A,  coronal  cementum;  CT,  connective  tissue  of  tooth  follicle.  Mag¬ 
nification  X  4 

Fig.  4.  Higher  magnification  of  area  A  in  Fig.  3.  E,  enamel  space;  A,  coronal  cemen¬ 
tum;  CT,  connective  tissue.  Magnification  X  64 
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esses  taking  place  in  the  still  unerupted  teeth  of  children.  Yet  the 
occasional  observation  of  coronal  cementum  on  the  occlusal  surface 
of  normally  erupted  molars  indicates  that  even  during  the  relatively 
short  intervening  period  (3  to  4  years)  between  completion  of  amelo- 
genesis  and  eruption  of  the  permanent  teeth,  a  degeneration  of  the 
enamel  epithelium  and  deposition  of  cementum  are  possible.  In  this 
report  several  such  instances  will  be  described. 

In  the  routine  examination  of  sections  through  tooth  follicles  of  not 
yet  erupted  permanent  molars,  degeneration  of  the  enamel  epithelium 
and  calcification  of  the  epithelial  cells  are  frequently  observed. 
Sometimes  these  calcifications  assume  the  shape  of  a  sphere,  lying 
free  in  the  connective  tissue  opposite  the  occlusal  surface  and  meas¬ 
uring  from  1  to  2  mm.  in  diameter.  Mummery  (6)  illustrates  such  cal¬ 
cified  bodies  in  the  tooth  follicle.  His  statement,  however,  that  they 
are  always  well  separated  from  the  inner  enamel  layers  is  not  sub¬ 
stantiated  by  the  findings  of  the  writer  (Jigs.  1  and  2).  In  addition 
to  the  free  calcified  masses,  there  are  cementum  deposits  on  the 
enamel  surface  at  the  bottom  of  the  fissure,  in  the  field  where  Noyes 
described  the  coronal  cementum  in  ground  sections.  In  some  areas 
more  than  one-half  of  the  depth  of  the  fissure  is  filled.  The  cementum 
lies  directly  in  contact  with  the  enamel;  occasionally  there  is  an  in¬ 
dication  of  a  cuticle  between  enamel  and  cementum.  Figs.  3  and  4 
show  a  large  irregular  mass  of  calcified  tissue  occupying  the  fissure 
of  a  lower  second  molar  and  protruding  nearly  1  mm.  above  the  level 
of  the  surrounding  enamel.  Obviously  the  presence  of  such  a  rough, 
prominent  irregularity  in  the  enamel  must  considerably  increase  the 
caries  liability  of  the  molar  after  its  eruption.  Through  the  courtesy 
of  Dr.  I.  Schour,  of  Chicago,  the  writer  is  in  a  position  to  illustrate  an 
unusually  clear  case  of  coronal  cementum  in  the  occlusal  fissure  of  an 
upper  molar  (jig.  5).  There  appears  to  be  coronal  cementum  in 
many  ground  sections,  but  the  small  quantity  of  material  in  the  fissure 
and  the  presence  of  particles  resulting  from  the  grinding  process 
usually  make  it  difficult  to  distinguish  between  true  coronal  cementum 
and  mere  debris.  In  jig.  5  there  can  be  no  doubt  as  to  the  nature  of 
the  material  contained  in  the  fissures. 

The  etiology  of  the  spherical  calcification  lying  free  in  the  con¬ 
nective  tissue  of  the  tooth  follicle  is  closely  related  to  the  formation  of 
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cementicles  in  the  periodontal  membrane.  In  both  instances  we  are 
dealing  with  a  degeneration  of  epithelial  tissue  and  subsequent  en¬ 
capsulation  and  infiltration  of  the  degenerated  cells  by  calcific  de¬ 
posits  (Gottlieb  (7)).  This  is  very  clearly  visible  in  Jigs.  6  and  7, 
which  show  the  process  of  calcification  in  the  tooth  follicle  of  a  com¬ 
pletely  embedded  upper  third  molar  of  a  man  of  32  years.  This 
molar  shows  all  the  various  forms  of  calcifications  in  the  tooth  follicle. 


Fig.  5.  Ground  section  through  an  intact  upper  human  molar.  Higher  magnification 
of  the  occlusal  fissure.  E,  enamel;  coronal  cementum  with  numerous  cementum 
lacunae;  B,  d£bris.  (Courtesy  of  Dr.  I.  Schour.) 


The  bottom  of  the  enamel  fissure  is  lined  by  a  thin  layer  of  cementum. 
Opposite  the  fissure  an  irregular  calcified  body,  measuring  about  3  by 
2  by  2  mm.,  lies  in  the  connective  tissue.  It  is  surrounded  by  nu¬ 
merous  small,  round  calcified  bodies  which  apparently  are  the  result 
of  calcification  around  degenerated  epithelial  cells;  they  very  closely 
resemble  cementicles  in  their  early  stages  of  formation.  The  bottom 
of  the  fissure  is  covered  by  a  continuous  thin  layer  of  cementum.  In 
addition  there  are  several  irregular  areas  of  calcification  scattered 
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Fig.  6.  Mesiodistal  section  through  the  crown  of  a  completely  embedded  upper  third 
molar  (Logan,  J.  A.  D.  A.,  23:  854,  1937).  A  large,  irregular  calcified  mass  is  located  in 
the  connective  tissue  opposite  the  center  of  the  occlusal  surface.  The  bottom  of  the 
fissure  itself  is  covered  with  coronal  cementum.  Several  smaller  calcified  bodies  are  scat¬ 
tered  through  the  connective  tissue  and  the  enamel  epithelium.  P,  pulp;  D,  dentin; 
E,  enamel  space;  B,  large,  round  calcified  body  located  in  tooth  follicle.  Magnification 
X  2.5 
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through  the  enamel  epithelium.  They  are  located  intraepithelially, 
and  some  of  them  are  surrounded  by  a  secondary  cuticle.  These 
calcifications  within  the  enamel  epithelium  are,  of  course,  essentially 
different  from  true  cementum;  cementum  can  be  formed  only  by 
connective  tissue  and  not  by  epithelium.  But  they  are  an  additional 
support  to  Gottlieb’s  observation  that  epithelium  of  dental  origin 
shows  a  marked  tendency  to  become  calcified  if  there  is  degeneration. 

Another  interesting  finding  in  unerupted  teeth  is  the  occurrence  of 
resorption  of  the  crown.  Figs.  8  and  9  show  the  unerupted  lower 
second  permanent  molar  of  a  child,  aged  8^  years.  Near  the  tip  of 
a  lingual  cusp  a  deep,  narrow  defect  runs  through  the  entire  thickness 
of  the  enamel  and  terminates  in  the  superficial  layers  of  the  dentin. 
It  contains  loose  connective  tissue  and  numerous  capillaries.  The 
bordering  dentin  shows  the  typical  contours  of  Howship’s  lacimae. 
On  the  corre^nding  tooth  of  the  oppoate  side  of  the  mandible,  a 
similar  resorption  is  present  which  has  been  extensively  repaired  by 
the  deposition  of  an  irregular  calcified  material  in  the  defect.  In 
some  areas  channels  containing  connective  tissue  and  blood  vessels 
are  still  present  within  the  calcified  substance;  they  are  connected 
with  the  tooth  follicle  by  a  narrow,  tortuous  duct  through  the  enamel. 
With  the  exception  of  a  publication  by  Pelzmann  (8)  who  showed  a 
resorptive  defect  and  reparative  hard  tissue  formation  in  the  crown 
of  an  unerupted  tooth,  the  writer  has  been  unable  to  find  any  report 
m  the  literature  showing  the  development  of  preemptive  resorptions 
in  sections  through  unempted  teeth  of  children.  There  are,  however, 
several  cases  on  record  in  which  repaired  resorptions  have  been  ob¬ 
served  in  the  histologic  examination  of  empted  teeth,  with  or  without 


Fto.  7.  Sgher  magnification  of  the  occlusal  surface  in  Fig.  6.  E,  enamel  space;  A, 
coronal  cementum  covering  the  enamel  of  the  fissure;  B,  large,  round  cak^ed  body 
(cementicle);  C,  small  cementicles,  surrounding  cell  dfi>ris;  EE,  enamel  epithelium, 
containing  small  irregular  calcifications.  Magnification  X  30 

Fig.  8.  Labiolingual  section  throu^  the  tooth  germ  of  a  lower  second  permanent 
molar  of  a  boy  of  8)  years.  P,  ptilp;  D,  dentin;  E,  enamel  space;  R,  resorption  channel 
extending  through  the  enamel  into  the  dentin;  CT,  connective  tissue  of  tooth  follicle. 
Magnification  X  4 

Fig.  9.  Higher  magnification  of  area  R  in  Fig.  8.  E,  enamel  space;  D,  dentin;  CT, 
loose  connective  tissue  with  numerous  capillaries,  extending  through  the  enamel;  R, 
resoiption  of  the  dentin.  Magnification  X  70 
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gross  clinical  abnormalities.  Figs.  8  and  9  show  how  such  resorptions 
originate. 

To  the  question  as  to  why  the  enamel  epithelium  sometimes  de¬ 
generates,  and  why  then  one  time  apposition  and  another  time  re¬ 
sorptions  occurs,  there  is  as  yet  no  satisfactory  answer. 

SUMMARY  AND  CONCLUSIONS 

1. —  So  long  as  the  enamel  of  an  unerupted  tooth  is  covered  by  the 
intact  enamel  epithelium,  there  is  no  possibility  of  change  on  the 
enamel  surface.  Only  in  areas  where  the  enamel  epithelium  de¬ 
generates  and  disappears  can  cementum  be  deposited  or  resorption 
take  place.  This  is  true  of  the  unerupted  teeth  of  children  as  well  as 
of  embedded  teeth  in  adults.  2. — Degeneration  of  the  enamel  epi¬ 
thelium  next  to  the  cemento-enamel  junction  is  a  common  occurrence, 
which  can  take  place  even  after  eruption;  this  explains  the  frequency 
of  cementum  spurs  extending  from  the  cemento-enamel  junction  a 
short  way  over  the  enamel.  3. — Degeneration  of  the  enamel  epi¬ 
thelium  on  the  occlusal  surface  may  occur  in  the  molars  of  children 
during  the  physiologic  interval  between  completion  of  enamel  and 
eruption.  It  is  usually  followed  by  caldhcation  of  the  epithelial 
cells  and  formation  of  various  types  of  hard  tissue.  4. — Deposition 
of  cementum  upon  the  enamel  surface  produces  true  coronal  cemen¬ 
tum.  It  is  most  commonly  found  in  the  occlusal  fissures  of  molars, 
probably  because  in  the  fissures  the  physiologic  involution  and  at¬ 
rophy  of  the  enamel  epithelium  begin  sooner  than  in  any  other  part 
of  the  crown.  5. — In  addition  to  the  formation  of  coronal  cementum, 
small  and  large,  irregular  cementicles  form  in  the  connective  tissue 
of  the  tooth  follicle.  They  seem  to  originate  in  the  same  way  as  the 
cementicles  of  the  periodontal  membrane,  by  calcification  of  degen¬ 
erating  epithelial  cells.  6. — Sometimes  small  intraepithelial  calci¬ 
fied  masses  are  found  within  the  reduced  enamel  epithelium.  Noth¬ 
ing  is  known  about  the  origin  of  this  form  of  calcification;  it  also  seems 
to  be  the  outcome  of  degenerative  processes  involving  small  groups 
of  epithelial  cells.  7. — On  rare  occasions  preemptive  resorptive  pro¬ 
cesses  may  take  place  in  areas  of  the  enamel  surface  which  have  lost 
their  epithelial  covering.  Such  resorptions  may  extend  through  the 
entire  thickness  of  the  enamel  into  the  dentin.  Subsequent  depo- 
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sition  of  hard  tissue  (cementum)  may  be  expected  in  the  resorbed 
area.  Clinically,  teeth  with  such  preemptive  resorptions  can  be 
expected  to  show  deep,  irregular  defects  in  the  enamel;  decay  can  be 
expected  to  start  quickly  in  such  defects  unless  they  are  filled  shortly 
after  emption  of  the  tooth. 
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EFFECTS  OF  DAILY  USE  OF  FLAVORED  SODIUM  PER¬ 
BORATE  AS  A  DENTIFRICE  FOR  A  SIX  MONTHS 
PERIOD^ 

CHARLES  F.  BODECKER,  D.D.S.;  F.A.C.D.  and  LESTER  R.  CAHN,  D.D.S. 
Laboratories  of  Oral  Histology  and  Oral  Pathology,  Columbia  Unitersity,  New  York,  N.  F. 

Sodium  perborate  is  a  medicament  commonly  used  in  the  treat¬ 
ment  of  Vincent’s  infection.  To  prevent  recurrence  of  the  condition 
many  individuals  continue  to  use  sodium  perborate,  either  as  a  mouth 
wash  or  as  a  dentrifrice.  Recently  the  belief  has  been  growing  that 
sodium  perborate  should  be  used  only  under  the  supervision  of  a 
dentist  and  never  for  a  prolonged  period.  The  harmful  effects  that 
have  been  ascribed  to  it  are  chemical  bums,  an  edematous  condition 
of  the  oral  mucosa  and  “hairy”  tongue.  If  the  prolonged  use  of 
sodium  perborate  does  result  in  any  or  all  of  these  conditions,  the 
dental  profession  should  take  steps  to  discourage  its  promiscuous 
use.  It  seemed  worthwhile  therefore  to  make  carefully  controlled 
observations  of  the  effect  of  sodium  perborate  on  a  large  group  of 
persons. 

EXPERIMENTAL  TECHNIQUE 

One  hundred  students  agreed  to  use  flavored  sodium  perborate  as 
a  tooth  powder  at  least  twice  a  day  for  a  period  of  6  months.  The 
composition  of  the  prep>aration  used  is  sieved  sodium  porborate  99.5 
p>er  cent,  calcium  phosphate  0.5  p>er  cent,  colored  with  magenta,  and 
flavored  with  menthol,  cloves,  eucalyptol  and  p)epp>ermint.  The 
students  were  given  no  spodfic  instructions  as  to  the  manner  of 
brushing.  By  omitting  instructions  it  was  considered  that  the  ex¬ 
periment  would  duplicate  more  closely  the  conditions  under  which 
the  public  buys  and  uses  its  dentifrices.  The  technique  recommended 

*  Read  at  a  meeting  of  the  New  York  Section,  Jan.  29,  1938  and  in  abstract  at  the 
General  Meeting  of  the  International  Association  for  Dental  Research,  Minne^mlia, 
Match  13,  1938. 
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was  that  one  half  to  one  gram  of  powder  should  be  poured  into  the 
palm  of  the  hand,  then  the  moistened  tooth  brush  dipped  into  the 
powder,  the  teeth  cleaned  and  the  gingivae  massaged.  The  duration 
of  the  brushing  was  1  minute,  as  timed  by  a  watch.  A  calendar  was 
kept  in  the  bathroom  of  all  students  so  that  a  record  could  be  made 
each  time  sodium  perborate  was  used.  Notarized  agreements  were 
hied  at  the  beginning  of  the  test  period  by  all  members  of  the  group, 
stating  that  they  would  follow  the  above  prescribed  instructions. 
At  the  end  of  the  test  period,  an  affidavit  was  submitted  by  each  stu¬ 
dent  affirming  that  sodium  perborate  had  been  used  faithfully  with 
the  exception  of  indicated  periods. 

The  100  students  were  divided  into  3  groups,  and  the  following 
procedure  was  carried  out:  A).  [20  students]  color  photographs,  blood 
smears  and  gingival  biopsies  were  made;  B).  [37  students]  color  photo¬ 
graphs  and  blood  smears  were  made;  C).  [43  students]  color  photo¬ 
graphs  were  taken. 

Photographs  were  made  in  natural  colors  with  Dufaycolor  films 
of  the  gingivae  and  anterior  teeth  of  all  students  at  the  beginning  and 
at  the  end  of  the  test  period.  A  number  of  pictures  of  tongues  were 
also  included.  Any  pathological  condition  such  as  chemical  bums, 
“hairy”  tongues  or  edematous  condition  of  the  lips  which  might 
appear  during  the  test  period  could  be  recorded  by  a  second  photo¬ 
graph  and  compared  with  the  original  condition.  It  was  thought 
that  this  method  of  procedure  had  the  advantage  of  presenting  con¬ 
crete  and  permanent  evidence  which  could  be  demonstrated  to  all 
who  would  be  interested  in  this  subject.  The  purpose  of  the  gingiva 
biopsies  was  to  determine  the  condition  of  the  tissue  before  beginning 
use  of  sodium  perborate.  If  chemical  bums  should  appear  in  Group 
A.,  a  second  biopsy  would  be  taken  to  show  the  lesion  and  stmctural 
changes  which  might  have  been  caused  by  the  use  of  sodium  per¬ 
borate.  Blood  smears  were  made  in  order  to  obtain  the  eosinophile 
count,  which  might  indicate  an  allergic  state. 

The  experimental  work  was  started  in  April,  1937  and  was  ended 
in  November,  1937.  The  group  selected  for  this  study  was  composed 
of  100  students  (98  male  and  2  female).  Two  male  students  who  had 
been  included  in  the  project  discontinued  their  study  of  dentistry 
and  their  whereabouts  could  not  be  ascertained.  As  they  had  used 
sodium  perborate  for  a  period  of  2  months  without  any  reaction  being 
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observed  while  they  were  under  supervision,  the  records  have  been 
retained,  the  original  group  of  100  thus  being  included. 

A  questionnaire  filled  out  by  the  members  of  the  project  gave  in¬ 
formation  concerning  the  following  points:  1)  previous  use  of  sodium 
perborate;  2)  as  a  mouth  wash  or  dentifrice;  3)  length  of  time;  4) 
sensitivity  to  specific  proteins  such  as  strawberries,  tomatoes,  fish, 
chicken,  veal,  and  to  certain  drugs  such  as  laxatives,  a^irin,  etc.; 
5)  whether  afiSicted  by  hay  fever,  asthma,  or  hives.  A  final  state¬ 
ment  executed  before  a  notary  public  was  filled  out  by  the  students 
giving  the  following  information:  1)  the  number  of  times  sodium 
perborate  was  used  per  day;  2)  the  number  of  times  the  use  of  sodium 
perborate  was  omitted  in  the  6  months  period;  3)  whether  abnormal 
effects  or  improvement  in  oral  conditions  had  been  noted. 

RESULTS 

The  students  watched  the  condition  of  their  mouths  very  closely 
because  their  studies  made  them  strongly  ^‘tooth  ransdous.”  This 
self-supervision  proved  satisfactory  for  the  original  purpose  of  the 
project,  i.e.,  to  ascertain  whether  harmful  effects  resulted  from  the 
continued  use  of  sodium  perborate.  In  case  any  students  had  dis¬ 
comfort  or  noted  any  bleeding  from  the  gums  they  were  examined.* 
Eighty-one  of  the  100  members  of  the  experimental  group  did  not 
report  for  examination;  it  was  therefore  considered  that  they  had  no 
discomfort  nor  were  conscious  of  bleeding  of  the  gums.  Nineteen 
reported  with  various  types  of  oral  conditions.  A  summary  of  these 
symptoms  shows  that  3  students  had  signs  of  Vincent’s  infection;  4 
showed  gingival  lesions,  suggestive  of  tooth  brush  trauma.  (Gin¬ 
gival  bleeding,  hyperemia  and  tenderness  always  accompanied  the 
above  conditions.)  In  addition  to  these  lesions,  the  following  tran¬ 
sient  conditions  were  noted.  One  student  showed  gingival  bleeding; 
2,  gingival  tenderness;  3,  gingival  inflammation  due  to  infected  retro- 
molar  flaps,  around  partially  erupted  third  molars;  2,  hyperemic  gin¬ 
givae;  2,  gingival  recession;  1,  sensitive  “necks”  of  teeth;  and  1, 
fetid  breath,  the  latter  condition  lasting  for  3  days.  Similar  con¬ 
ditions,  including  Vincent’s  infection,  were  noted  in  a  group  of  S3 
students,  who  were  not  using  sodium  perborate. 

The  information  obtained  from  the  questionnaire  indicated  that 

*  By  Dr.  Daniel  Ziskin  or  one  of  the  authors  (L.  R.  C.). 


164  CHARLES  E.  BODECKER  AND  LESTER  R.  CAHN 

17  per  cent  of  the  group  had  previously  used  sodium  perborate;  8  per 
cent  of  these  had  used  it  as  a  mouth  wash;  6  per  cent  as  a  dentifrice 
and  3  per  cent  in  both  forms.  The  length  of  time  sodium  perborate 
had  been  used  ranged  from  a  few  days  to  4  years.  Sensitivity  to 
specific  foods  and  drugs  was  present  in  7  per  cent;  9  per  cent  suffered 
from  hay  fever;  3  per  cent  from  asthma  and  6  per  cent  from  hives. 

The  final  statement  executed  before  a  notary  public  showed  that 
sodium  perborate  had  been  used  twice  a  day,  2  students  even  brushing 
their  tongues.  One  member  brushed  his  teeth  3  times  a  day  with  the 
reagent.  Fifty-one  per  cent  of  the  students  used  sodium  perborate 
continuously.  Forty-nine  per  cent  testified  to  the  following  lapses: 


No.  of  bnuhing* 

1-5 

S-IO 

ll-is 

16-20 

21-25 

26-30 

36-10 

56-60 

61-65 

•1-65 

lBd<6- 

nite 

No.  of  students 

5 

16 

11 

4 

4 

3 

1 

1 

2 

1 

1 

Analysis  of  this  table  shows  that  36  of  49  students  missed  less  than 
20  of  360  prescribed  brushings. 

Abnormal  oral  conditions,  lasting  for  short  periods  were  reported 
by  19  per  cent  of  the  members  of  the  project.  Seventeen  per  cent  of 
the  students  noted  an  improvement  in  their  mouths,  while  no  effects 
were  observed  by  64  per  cent  of  the  group. 

DISCUSSION 

The  purpose  of  the  investigation  was  to  determine  whether  chemi¬ 
cal  bums,  '‘hairy”  tongue,  or  edematous  conditions  of  the  oral  mucosa 
resulted  from  the  twice  daily  use  of  sodium  perborate.  Before  dis¬ 
cussing  the  results  of  the  experiment  it  is  necessary  to  define  these 
pathological  conditions. 

A  bum  is  usually  associated  with  the  application  of  heat,  but  con¬ 
tact  with  corrosive  liquids  such  as  sulphuric  add,  nitric  add,  and 
caustic  potash,  produces  lesions  which  show  practically  the  same 
pathological  and  clinical  featiires  as  those  caused  by  heat.  The 
term  “bum”  has  many  definitions.*  Among  these  we  find  the 
phrases:  “to  become  inflamed”;  “to  have  the  sensation  of  heat”; 
“to  oxygenize”;  or  to  “to  cauterize.”  Consequently  any  injury  of 


*  Gould’s  Medical  Dictionary  (3rd  edition). 
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the  oral  mucous  membrane  not  due  to  physical  trauma  may  be  called 
a  burn. 

Gingival  trauma  results  in  lesions  which  at  first  appear  to  be 
similar  to  chemical  burns.  Four  students  showed  this  condition,  but 
further  observations  indicated  that  these  were  not  chemical  burns. 
As  the  subject  of  “burns”  is  frequently  discussed  in  the  dental  litera¬ 
ture,  it  seems  advisable  at  this  time  to  analyze  the  factors  which 
might  be  suspected  of  causing  or  simulating  chemical  “burns”  of  the 
gingivae.  They  are:  1)  allergy;  2)  tooth  brush  trauma;  3)  high  con¬ 
centration  of  solution;  4)  prolonged  contact  with  the  mucosa. 

1)  Allergy:  In  the  last  few  years  a  great  deal  has  been  heard  con¬ 
cerning  the  term  allergy.  It  is  used  to  explain  a  series  of  skin  and 
mucous  membrane  changes  and  lesions  that  can  in  no  other  way  be 
accounted  for.  Frequently,  and  unfortunately  too  frequently,  there 
is  no  scientific  basis  for  the  use  of  this  term.  Drug  rashes,  excoria¬ 
tions  and  eruptions  are  often  called  allergic.  The  mechanism  in¬ 
volved  is  not  known  and  it  is  not  often  possible  to  show  that  the  skin 
is  hypersensitive  to  the  drug  involved.  In  the  case  of  some  drugs, 
the  hypersensitivity  is  in  the  epidermis  while  in  the  majority  of  in¬ 
stances  the  dermis  is  the  site  of  change.  Most  drug  allergies  are  due 
to  the  ingestion  of  the  drug  and  not  to  contact  with  it.  The  lesions 
noted  vary  from  an  erythematous  blush  to  actual  bullae  fungations 
and  ulcerations. 

Sodium  perborate  is  used  as  a  topical  remedy,  so  that  most  of  its 
ill  effect  would  be  in  the  form  of  a  contact  dermatitis  or  dermatitis 
venenata.  There  are  2  factors  to  consider  when  viewing  this  effect 
of  sodium  perborate.  Are  the  lesions  the  result  of  a  burn  or  are  they 
due  to  trauma?  If  due  to  the  former,  they  are  not  allergic  because 
the  injury  is  chemical,  similar  to  an  injury  of  the  skin  with  a  strong 
alkali  or  caustic.  The  traumatic  effect  will  be  discussed  below. 

The  subject  of  allergy  can  well  be  summed  up  in  the  words  of 
Becker  (1)  as  follows:  “There  is  not  enough  evidence  at  the  present 
time  to  consider  drug  eruptions  as  allergic  diseases.” 

2)  Tooth  brush  trauma  of  the  gingivae.  Tooth  brush  trauma  of  the 
gingivae  is  another  cause  of  gingival  lesions  which  have  the  appear¬ 
ance  of  chemical  burns.  The  sensitivity  of  gingival  tissue  to  trau¬ 
matic  injury  varies.  In  some  persons  the  resistance  of  this  tissue  is 
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SO  high  that  it  is  not  injured  even  when  the  brushing  of  the  teeth  is 
energetic  enough  to  break  the  handle  of  the  tooth  brush.  This  ex¬ 
traordinary  resistance,  however,  is  rare.  More  often  the  gingivae  are 
unduly  sensitive,  so  that  fragments  of  a  bread  crust  or  an  incorrect 
method  of  brushing  the  teeth  causes  injury;  even  the  use  of  a  mois¬ 
tened  tooth  brush  without  a  dentifrice  can  cause  gingival  trauma  if 
this  tissue  is  sensitive.  Our  observations  of  the  experimental  group 
of  the  sodium  perborate  project  showed  4  students  having  lesions 
with  the  appearance  of  chemical  burns.  Three  of  these  were  due 
palpably  to  tooth  brush  trauma  as  they  occurred  in  areas  of  the  gin¬ 
givae  which  were  prominent  because  of  the  mal-position  of  the  teeth. 
Further  experimentation  indicated  that  even  the  fourth  case  did  not 
appear  to  be  a  burn.  All  4  students  who  showed  this  condition  were 
told  to  discontinue  the  use  of  sodium  perborate  temporarily.  After 
their  return  from  summer  vacation  they  resumed  the  use  of  sodium 
perborate  for  a  period  of  4  weeks.  The  fact  that  no  burns  or  lesions 
of  any  kind  recurred  strengthened  the  belief  that  the  cause  of  the 
original  lesion  was  physical  trauma.  One  student  who  had  developed 
a  lesion  on  the  lingual  gingiva  near  the  lower  premolars  had  learned 
the  proper  method  of  brushing  in  class.  He,  himself,  ascribed  the 
formation  of  the  lesion  occurring  at  the  beginning  of  the  project  to 
faulty  brushing. 

3)  Concentration  of  Sodium  Perborate.  The  concentration  of  this 
reagent  is  the  third  factor  which  may  be  responsible  for  chemical 
burns  appearing  on  the  gingivae.  Therefore  a  comparison  was  made 
of  the  strength  of  the  solutions  of  sodium  perborate  when  employed 


DESCRIPTION  OF  FIGURES  1-4 

Fig.  1.  Gingival  and  buccal  mucosa  before  starting  experiment. 

Fig.  2.  Same  individual  as  fig.  1  taken  after  completion  of  experiment.  There  is  no 
appreciable  difference  in  appearance  of  tissue. 

Fig.  3.  A  picture  of  tongue  taken  before  starting  experiment.  This  tongue  shows 
irregular  coated  patches  giving  appearance  of  geographical  tongue.  Note  how'  far 
student  can  protrude  tongue.  This  is  usually  significant  of  apprehension  and  indicates 
constant  observation  of  organ  by  patient. 

Fig.  4.  Picture  of  same  tongue  taken  after  completion  of  experiment.  There  is  no 
change  in  its  appearance.  A  slight  degree  of  coating  is  perfectly  normal.  This  is  due  to 
enmeshing  of  desquamated  epithelium  and  coating  tends  to  increase  if  tongue  is  not  used 
sufficiently  in  eating  and  talking. 
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as  a  mouth  wash  and  as  a  tooth  powder;  the  latter  was  found  to  be 
slightly  higher.  In  order  to  estimate  the  concentration  it  was  neces¬ 
sary  to  ascertain  the  quantity  of  powder  used,  the  amount  of  fluid 
present  in  the  mouth,  and  that  in  a  moistened  tooth  brush.  The 
following  figures  give  approximate  ranges:  the  average  amount  of 
sodium  perborate  taken  up  on  a  commonly  used  tooth  brush  the 
bristle  ends  of  which  occupy  3  square  centimeters  varies  from  100  to 
700  milligrams.  This  amount  is  dissolved  by  the  saliva  present  in  the 
mouth,  which  is  shown  by  tests  on  5  persons  to  vary  from  0.5  to  1.8 
cc.  If  the  mouth  is  rinsed  before  brushing  the  teeth,  a  common 
habit  with  many  persons,  the  residual  oral  fluid  remains  about  the 
same.  The  water  in  the  moistened  tooth  brush  must  also  be  added. 
This  averages  700  milligrams  making  a  total  amount  of  fluid  1.2-2. 5 
ccm.  which  suspends  the  100-700  milligrams  of  sodium  perborate 

The  act  of  brushing  the  teeth  stimulates  the  flow  of  saliva;  this  is 
more  profuse  in  some  persons  than  in  others.  Dr.  Maxwell  Karshan 
states  that  an  average  amount  of  1  ccm.  of  saliva  is  secreted  per  min¬ 
ute  by  chewing  paraffin.  There  is  probably  no  doubt  that  the  act 
of  chewing  stimulates  the  salivary  glands  more  than  does  the  brush¬ 
ing  of  the  teeth.  If  1  cc.  of  fluid  is  added  to  the  solution  in  the  mouth 
in  this  manner  during  1  minute  of  brushing,  the  total  amount  ranges 
between  2. 2-3.5  ccm. 

Sodium  perborate  is  sparingly  soluble  in  water  (1  in  40  parts  of 
water  at  25°  centigrade).  Consequently  a  concentrated  solution  of 
the  reagent  would  occur  in  the  mouth  if  only  100  miligrams  of  powder 
were  taken  on  the  brush  and  dissolved  in  4  ccm.  of  fluid.  As  the 
maximum  total  amount  of  saliva  and  water  is  calculated  to  be  only 
about  3.5  ccm.,  it  is  clear  that  the  oral  fluid  usually  remains  saturated 
with  sodium  perborate  during  the  entire  brushing  period. 

A  slightly  weaker  solution  of  the  reagent  is  used  usually  as  a  mouth 
wash  for  the  treatment  of  Vincent’s  infection.  Common  instructions 
to  patients  are  to  use  1  teaspoonful  to  three-quarters  of  a  glass  of  water. 
The  concentration  of  this  solution  varies  considerably,  depending  on 
the  amount  of  powder  taken  on  the  teaspoon  and  the  size  of  the  glass 
used.  A  level  teaspoonful  contains  90  grains  of  powder  and  if  an  8 
oz.  tumbler  is  used  and  filled  three  quarters  full,  it  will  contain  6  oz. 
of  water.  The  concentration  of  sodium  perborate  would  then  be 
2.08  per  cent. 
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A  comparison  of  the  strength  of  the  solution  used  as  a  mouth  wash 
and  as  a  dentifrice  shows  that  both  nearly  approach  the  saturation 
point.  The  fact  that  the  sodium  perborate  is  slightly  stronger  when 
used  as  a  dentifrice  than  as  a  mouth  wash  indicates  that  the  condi¬ 
tions  of  the  experiment  constituted  a  more  drastic  action  of  the 
reagent. 

4)  Prolonged  Duration  of  Contact.  When  sodium  perborate  is 
used  as  a  tooth  powder,  it  is  estimated  that  the  time  of  contact  is  not 
longer  than  a  few  minutes.  The  actual  time  that  most  people  brush 
their  teeth  varies  probably  from  3  minutes  to  30  seconds  or  less. 
Usually  the  mouth  is  rinsed  after  the  completion  of  the  brushing,  and 
in  this  way  all  but  a  trace  of  sodium  perborate  is  removed.  On  the 
other  hand,  the  contact  of  the  sodiiun  perborate  solution  is  probably 
more  prolonged  and  its  distribution  more  general,  when  it  is  used  as 
a  mouth  wash.  Patients  who  have  had  the  disagreeable  symptoms 
common  to  Vincent’s  infection  naturally  wish  to  hasten  the  cure; 
consequently  it  is  likely  that  some  may  retain  the  solution  in  the 
mouth  much  longer  and  use  it  more  often.  Possibly  this  is  the  reason 
that  chemical  bums  are  reported  following  the  use  of  sodium  per¬ 
borate. 

The  routine  use  of  a  chemical  may  produce  no  effect  whatsoever 
on  the  tissue;  however  one  author  (6)  filled  a  small  cloth  bag  with 
sodium  perborate  and  placed  it  inside  the  cheek  for  one  half  hour.  A 
bum  is  reported  to  have  appeared  by  this  means.  It  is  clear  that 
such  a  manner  of  application  bears  no  relation  to  the  routine  use  of 
sodium  perborate,  hence  it  does  not  seem  logical  to  say  that  the  tis¬ 
sue  was  hypersensitive  to  this  material  simfdy  because  it  had  become 
irritated  and  inflamed  when  in  long  contact  with  a  concentrated  form 
of  the  chemical.  We  should  like  to  reiterate  that  a  bum  is  dependent 
chiefly  upon  the  physical  state  of  the  tissue  to  which  it  is  applied,  and 
the  concentration  of  the  solution. 

Still  another  possible  factor  exists  which  may  be  re^nsible  for  the 
effect  of  sodium  perborate  on  the  oral  mucous  membrane,  i.e.  the  age 
of  the  user.  Our  group  was  composed  entirely  of  students  whose 
ages  ranged  between  19  and  30  years;  the  average  being  23.92  years. 
However,  it  seems  hardly  likely  that  older  persons  are  more  prone  to 
chemical  bums  than  young  ones. 

The  “Hairy'*  Tongue:  Of  late  there  has  been  considerable  dis- 
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cussion  concerning  a  clinical  curiosity  known  as  '‘hairy’*  tongue. 
Several  observers  have  noticed  the  occurrence  of  what  they  call  a 
“hairy”  tongue  after  the  use  of  sodium  perborate  and  this  has  pop¬ 
ularized  this  condition.  The  term  “hairy”  tongue  has  been  more  or 
less  loosely  used  to  define  all  types  of  pigmentation,  furring,  and 
coating  of  this  organ.  In  order  to  understand  the  true  picture  we 
should  have  a  thorough  knowledge  of  the  underlying  pathology. 

The  most  complete  work  on  this  subject  was  reported  by  Heidings- 
feld  (2).  He  states  that  hairy  tongue  can  be  conveniently  divided 
into  2  general  classes.  One  group  consists  of  the  true  idiopathic  or 
genuine  cases  characterized  by  well-defined,  stable  black-brown  or 
yellow-brown,  thick,  soft,  fur-like  patches,  covered  with  densely 
intertwined  hair-like  filaments  measuring  from  i  to  ^  inch  in  length; 
and  the  second  group  is  composed  of  false  or  pseudo-spurious  cases, 
characterized  by  thick  yellow-brown  or  greenish  discoloration  of  un¬ 
stable  evanescent  character  covered  with  a  soft  mushy  detritus,  oc¬ 
casionally  containing  short  filaments  measuring  |  to  1  inches  in 
length.  He  believes  that  the  true  cases  owe  their  origin  to  some 
anomaly  of  development  in  the  sense  that  the  germinal  products, 
from  which  they  are  developed,  are  present  from  birth  but  do  not 
undergo  growth  and  developmental  changes  until  early  adolescence 
or  at  some  later  period  in  life.  This  is  somewhat  confirmed  in  the 
report  of  a  case  (3)  of  an  infant  entirely  breast-fed,  15  months  old, 
affected  with  hairy  tongue.  The  tongue  had  not  been  subjected  to 
any  form  of  irritation.  Heidingsfeld  (2)  compares  the  true  hairy 
tongue  to  conditions  such  as  cutaneous  horns, — ichthyiosis  hystriz, 
— etc.  There  has  been  very  little  investigation  on  the  complete  his¬ 
tology  of  true  hairy  tongue.  This  has  been  due  to  the  fact  that  very 
few  patients  are  willing  to  submit  to  the  excision  of  enough  material 
for  study.  Most  of  the  histological  examinations  have  been  confined 
to  microscopical  study  of  removed  filaments.  However,  there  are 
3  instances  in  which  a  piece  of  tongue  has  been  excised  and  through 
these  we  are  able  to  make  a  study  of  the  histological  changes.  One 
of  these  specimens  was  removed  by  Heidingsfeld  from  a  case  of  epithe¬ 
lioma  of  the  tongue,  apparently  not  related  to  the  “hairy”  condition; 
another  was  removed  at  autopsy  and  reported  by  Spencer  and  Cade 
(4).  These  sections  show  that  the  hairy  effect  is  due  to  a  hyper- 
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keratinization  and  elongation  of  the  epidermis  of  the  filiform  papillae. 
In  these  cases  the  picture  is  not  unlike  that  of  an  exaggerated  epi¬ 
thelial  papilloma.  In  furred  or  pseudo-hairy  tongues  the  papillary 
elongations  are  not  as  exaggerated  as  one  sees  in  the  true  instances, 
and  the  tongue  is  apparently  coated  with  a  material  in  which  is  in¬ 
cluded  desquamated  epithelium,  bacteria,  yeasts,  and  detritus  in 
general.  The  elongation  of  the  papillae  is  an  inflammatory  hyper¬ 
trophy. 

Many  causes  have  been  suggested  for  pseudo  hairy  tongue.  Among 
them  may  be  mentioned  tobacco,  antiseptics,  astringents,  wine, 
gastric  upsets,  etc.  Syphilis  was  thought  to  be  of  some  etiological 
importance  since  many  of  the  earlier  cases  reported  were  in  luetics, 
but  syphilis  evidently  plays  a  minor  role.  The  condition  in  such 
patients  probably  was  brought  about  by  intraoral  medication  for  the 
relief  of  syphilitic  lesions.  There  seems  to  be  little  doubt  that  the 
pseudo  hairy  tongue  cases  are  the  ones  that  may  occur  following  the 
use  of  sodium  perborate. 

Since  so  large  a  number  of  etiological  factors  has  been  incriminated 
it  might  be  well  to  state  that  the  continuous  use  of  any  medicated 
mouth  wash  may  cause  an  inflammatory  hypertrophy  of  the  tongue 
papillae,  but  it  is  unscientific  to  lay  emphasis  on  one  type  of  drug 
alone,  especially  since  there  has  been  no  apparent  effort  to  rule  out 
other  contributory  causes. 

SUMMARY 

The  purpose  of  the  investigation  was  to  determine  whether  the 
prolonged  use  of  flavored  sodium  perborate  caused  chemical  bums, 
hairy  tongue  or  edematous  conditions  of  the  oral  mucosa.  The  ex¬ 
periment  was  conducted  on  100  students,  age  range  19  to  30  years, 
who  agreed  to  use  sodium  perborate  faithfully,  twice  daily  as  a  denti¬ 
frice  for  6  months.  The  teeth  were  brushed  and  the  gum  massaged 
for  a  period  of  1  minute  as  timed  by  a  watch.  All  mouths  were  photo¬ 
graphed  in  colors  in  order  to  have  permanent  evidence  of  any  sub¬ 
sequent  pathological  changes;  gingival  biopsies  of  20  and  blood  smears 
of  37  students  were  made.  This  elaborate  set  up  was  arranged  in  the 
expectation  that  pathological  conditions  would  be  observed  as  a 
result  of  the  use  of  sodium  perborate.  Observations  showed  4 
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students  with  lesions,  suggestive  of  tooth  brush  trauma,  which  did 
not  reappear  when  the  use  of  sodium  perborate  was  resumed.  No 
pathological  conditions  were  noted  which  could  be  defined  as  chem¬ 
ical  bums  of  the  oral  mucosa,  hairy  tongue  or  edema  of  the  mucosa. 
This  work  is  being  continued. 

CONCLUSION 

Flavored  sodium  perborate  was  not  harmful  to  the  oral  mucosa  of 
the  experimental  group  when  used  as  a  dentifrice  twice  a  day  for  an 
extended  period. 
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Much  experimental  work  is  being  done  on  dogs  to  observe  and  dem¬ 
onstrate  changes  in  alveolar  bone  and  dentition.  Radiography  would 
be  a  valuable  aid  during  the  course  of  experimentation  if  a  suitable 
technic  were  available.  The  anatomical  variations  and  difficulties 
encountered  with  living  animals  have  probably  been  largely  respon¬ 
sible  for  the  failure  to  use  radiography  to  its  best  advantage.  The 
technic  to  be  described  embodies  a  definite  system  of  angulation,  film 
packet  placement  and  retention,  and  exposure.  The  systematic  pro¬ 
cedure  employed  makes  possible  duplication  of  radiographs  for  com¬ 
parative  studies.  Fourteen  intra-oral  views  constitute  a  complete 
dental  radiographic  examination  for  dogs,  7  each  for  the  maxillary 
and  mandibular  regions  {Jig.  7). 

The  angulations  given  are  averages;  modifications  may  be  neces¬ 
sary.  The  average  angulation  will  usually  suffice  when  the  teeth  and 
jaws  are  fully  developed  and  of  average  size.  When  the  teeth  are 
large,  or  the  root  formation  and  alveolar  process  is  incomplete,  a 
greater  angulation  will  be  necessary  to  avoid  excessive  distortion  of 
the  images.  While  any  standard  dental  x-ray  units  may  be  used 
satisfactorily,  a  longer  target  film  distance  than  that  available  on 
these  machines  is  more  desirable.  The  factors  with  which  this  tech¬ 
nic  was  worked  out  are:  65  K.  V.  P.,  20  Ma.,  12  inches  target  film 
distance.  The  exposures  tabulated  are  based  upon  the  above  factors 
and  using  standard  5  minute  developer  at  65  degrees  Fahrenheit.  Any 
changes  in  the  above  factors  must  be  compensated  for  accordingly. 

In  order  to  assure  complete  immobility  and  to  prevent  interference 
from  the  subject,  a  suitable  anaesthetic  must  be  used.  For  this 
purpose  sodium  pentobarbital  (Nembutal)  administered  intravenously 
has  been  found  most  desirable.  Dosage  is  computed  by  weight  and 
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the  drug  should  be  administered  cautiously.  The  examination  may 
be  started  3  to  5  minutes  after  the  injection.  The  services  of  2 
persons  are  required  to  adequately  make  the  radiographic  examina¬ 
tion.  One  person  should  adapt  and  retain  the  film  packets,  while 
the  other  should  center  the  tube  and  make  the  exposure.  If  exten¬ 
sive  examinations  are  to  be  made,  it  is  suggested  that  the  persons 
alternate  in  the  procedure  so  that  excessive  radiation  to  any  one 
person  will  be  minimized.  For  posing  the  subject  a  standard  dog 
surgery  table  is  recommended.  Calibrated  head  positioners  or  sim¬ 
ilar  devices  for  maintaining  a  fixed  head  position  may  be  employed, 
but  if  extreme  care  is  taken  to  place  the  head  in  the  exact  positions 
given,  satisfactory  results  may  be  obtained  and  duplications  may  be 
accurately  made  for  all  practical  purposes  without  mechanical  aids. 

TECHNIQUE 

Maxillary  Incisor  Region.  Position  of  head:  The  dog  is  placed 
on  his  back  and  head  positioned  so  the  long  axes  of  incisor  teeth  are 
horizontal.  Angulation:  Vertico-horizontal  angle:  (angle  with  long 
axes  of  teeth).  35  degrees  superior.  Mesio-distal  angle:  Directly 
between  1st  incisor  teeth.  Position  of  film  packet:  With  the  long  di¬ 
mension  of  the  film  packet  corresponding  to  the  long  axes  of  the  inci¬ 
sors,  sharply  curve  the  upper  corners  and  closely  adapt  the  packet 
to  include  all  the  incisor  teeth.  Have  the  lower  edge  of  the  film 
packet  uniformly  4  to  6  mm.  beyond  the  incisal  edges  of  the  teeth. 
Retention  of  film  packet:  The  film  packet  is  retained  with  the  index 
finger  in  the  center  of  the  upper  third,  resting  the  thumb  on  the 
side  of  the  maxilla.  Position  of  cone:  The  cone  is  centered  so  the 
central  rays  will  pass  midway  thru  film  packet.  Exposure:  4J  seconds 
(regular  films). 

General  considerations:  If  the  teeth  and  alveolar  process  are  fully 
formed  and  average  size,  the  average  angle  of  35  degrees  will  sufl&ce. 
However,  if  the  teeth  are  exceptionally  long,  or  the  jaws  and  the  root 
formation  is  incomplete  a  greater  angulation  must  be  used.  If  the 
arch  is  very  narrow  and  constricted,  it  may  be  necessary  to  secure 
additional  views  of  this  region  to  obtain  accurate  images  of  the  third 
incisors.  Figs.  2  and  5  illustrate  the  technical  features  described. 
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Maxillaky  Canine  Region.  Position  of  head:  The  dog  is  placed 
on  his  side  and  the  head  positioned  so  the  side  to  be  radiographed  is 
horizontal.  Angulation:  Vertico-horizontal  angle:  45  degrees  su¬ 
perior.  Mesio-distal  angle:  Perpendicular  to  the  film  packet  {fig.  5). 
Position  of  film  packet:  With  the  long  dimension  of  the  film  packet 
corresponding  to  the  long  axes  of  the  teeth,  closely  adapt  the  packet 
to  include  the  crown  of  the  canine  and  extend  distally.  Have  the 
lower  edge  of  the  packet  approximately  4  mm.  beyond  the  cusp  of 
the  canine  and  8  to  10  mm.  beyond  the  cusps  of  the  premolars.  Fig. 
1  illustrates  the  position  of  the  film  packet.  Retention  of  film  packet: 
The  film  packet  is  retained  with  the  index  finger  in  the  upper  mesial 
comer,  resting  the  thumb  over  the  nose.  Position  of  cone:  The  cone 
is  centered  so  the  central  rays  will  pass  midway  thru  film  packet. 
Exposure:  seconds  (regular  films). 

General  Considerations:  The  length  and  distal  curvature  of  the 
root  and  the  low  flat  palatal  bone  are  the  chief  difficulties  encoimtered 
in  radiographing  the  canine  tooth.  Modification,  especially  of  the 
mesio-distal  angle,  will  frequently  be  necessary  in  order  to  obtain  an 
accurate  image  of  the  canine.  Refer  to  fig.  7  for  the  resultant  radio¬ 
graphs. 

Maxillaey  Psemolar  Region.  Position  of  head:  The  dog  is 
placed  on  his  side  and  the  head  positioned  so  the  side  to  be  radio¬ 
graphed  is  horizontal.  Angulation:  Vertico-horizontal  angle:  45  de¬ 
grees  superior.  Mesio-distal  angle:  Perpendicular  to  the  film  packet, 
as  illustrated  in  fig.  5.  Position  of  film  packet:  With  the  short  di¬ 
mension  of  film  packet  corresponding  to  long  axes  of  the  teeth, 
closely  adapt  the  packet  to  include  the  first  premolar  and  extend 
distally.  Have  the  lower  edge  of  the  film  packet  uniformly  5  to  6  mm. 
beyond  the  cusps  of  the  premolar  teeth  {fig.  1).  Retention  of  film 
packet:  The  film  packet  is  retained  with  the  index  finger  on  the 
upper  third,  resting  the  thumb  over  the  canine  region.  Position  of 
the  cone:  The  cone  is  centered  so  the  central  rays  will  pass  midway 
thru  film  packet.  Exposure:  4  seconds  (regular  films). 

General  considerations:  One  view  b  usually  sufficient  for  examining 
the  premolar  region.  When  the  teeth  are  large  and  widely  spaced 
it  may  be  necessary  to  use  a  longer  film  or  make  2  exposures  in  order 


Fios.  1  to  6.  Diagrams  to  show  various  positions  of  film  packets 


to  include  all  the  pre-molar  teeth.  This  region  is  probably  the  least 
diflScult  to  examine  in  that  the  teeth  have  comparatively  short  roots, 
as  illustrated  in  fig.  7. 
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Maxillary  Molar  Region.  Position  of  head:  The  dog  is 
placed  on  his  side  and  the  head  positioned  so  the  side  to  be  radio¬ 
graphed  is  horizontal.  Angulation:  Vertico-horizontal  angle:  50 
degrees  superior.  Mesio-distal  angle:  15  to  20  degrees  distally. 
Refer  to  fig.  5.  Position  of  film  packet:  With  the  short  dimension  of 
film  packet  corresponding  to  long  axes  of  the  teeth,  closely  adapt  the 
packet  to  include  all  the  third  molar  region  and  extend  mesially. 
Have  the  lower  edge  of  the  film  packet  uniformly  2  to  3  mm.  beyond 
the  occlusal  surfaces  of  the  molar  teeth  {fig.  1).  Retention  of  film 
packet:  The  film  packet  is  retained  with  the  index  finger  in  the  upper 
third,  resting  the  thumb  over  the  premolar  region.  Position  of  cone: 
The  cone  is  centered  so  the  central  rays  will  pass  midway  thru  film 
packet.  Exposure:  5^  seconds  (regular  films). 

General  considerations:  The  molar  region  is  probably  the  most 
difficult  to  radiograph  due  to  the  anatomical  limitations.  In  order 
to  avoid  superimposition  of  the  malar  process  and  bone  a  distal  shift 
of  approximately  15  to  20  degrees  with  the  tube  must  be  made.  This 
angulation  will  usually  produce  an  undistorted  image  of  the  second 
molar.  Due  to  the  length  and  divergence  of  the  first  molar  roots, 
it  may  be  necessary  to  secure  additional  views  of  this  tooth. 

Mandibular  Incisor  Region.  Position  of  head:  The  dog  is 
placed  on  his  back  and  the  head  positioned  so  the  long  axes  of  the 
incisor  teeth  are  horizontal.  Angulation:  Vertico-horizontal  angle: 
35  degrees  inferior.  Mesio-distal  angle:  Directly  between  the  central 
incisor  teeth  {fig.  6).  Position  of  film  packet:  With  the  long  dimen¬ 
sions  of  the  film  packet  corresponding  to  the  long  axes  of  the  incisor 
teeth,  closely  adapt  the  packet  to  include  equal  portions  of  the  incisor 
teeth.  Have  the  upper  edge  of  the  film  packet  uniformly  4  to  6  mm. 
beyond  the  incisal  edges  of  the  teeth  {fig.  4).  Retention  of  film  packet: 
The  film  packet  is  retained  with  the  index  finger  in  the  center  of  the 
lower  third,  resting  the  thumb  on  the  side  of  the  mandible.  Position 
of  cone:  The  cone  is  centered  so  the  central  rays  will  pass  midway 
thru  film  packet.  Exposure:  3^  seconds  (regular  films). 

General  considerations:  The  acute  angle  formed  by  the  mandible 
at  the  incisor  region  makes  the  adaptation  of  the  film  packet  very 
difficult  and  distortion  of  the  images  will  result  unless  the  packet  is 
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very  carefully  placed  and  retained.  It  may  be  helpful  to  use  a  cotton 
roll  placed  between  the  tissues  and  the  film  packet.  The  mesio- 
distal  angulation  may  have  to  be  modified  to  avoid  the  superimposi¬ 
tion  of  the  incisor  roots  upon  each  other. 

Mandibular  Canine  Region.  Position  of  head:  The  dog  is 
placed  on  his  back  and  the  head  positioned  so  the  long  axes  of  the 
lower  incisor  teeth  are  horizontal.  Angulation:  Vertico-horizontal 
angle:  35  inferior.  Mesio-distal  angle:  10  degrees  distally  {fig.  6). 
Position  of  film  packet:  With  the  long  dimension  of  film  packet  cor¬ 
responding  to  long  axes  of  the  incisor  teeth,  closely  adapt  the  packet 
to  include  the  first  incisor  teeth  and  extend  distally.  Have  the  upper 
edge  of  the  film  packet  4  to  5  mm.  above  the  incisal  edges  of  the  in¬ 
cisor  teeth  and  6  to  8  mm.  above  the  cusp  of  the  canine  {fig.  4).  Re¬ 
tention  of  film  packet:  The  film  packet  is  retained  with  the  index 
finger  in  the  lower  mesial  corner,  resting  the  thumb  over  the  side  of 
the  madible.  Position  of  cone:  The  cone  is  centered  so  the  central 
rays  will  pass  midway  thru  film  packet.  Exposure:  3^  seconds 
(regular  films). 

General  considerations:  The  chief  difficulty  encountered  in  this 
region  is  securing  undistorted  images  of  the  canine  roots  without  the 
superimpositions  of  the  bodies  of  the  mandible  at  the  symphysis. 
The  mesio-distal  angulation  must  be  varied  accordingly  in  such  cases. 

Mandibular  Premolar  Region.  Position  of  head:  The  dog  is 
placed  on  his  side  and  the  head  positioned  so  the  side  to  be  radio¬ 
graphed  is  horizontal.  Angulation:  Vertico-horizontal  angle:  45  de¬ 
grees  inferior.  Mesio-distal  angle:  Perpendicular  to  the  film  packet 
{fi?,-  ^)-  Position  of  film  packet:  With  the  short  dimension  of  film 
packet  corresponding  to  long  axes  of  the  teeth,  closely  adapt  the 
packet  to  include  the  first  premolar  and  extend  distally.  Have  the 
upper  edge  of  the  film  packet  uniformity  5  to  6  mm.  above  the  cusps 
of  the  pre-molar  teeth  {fig.  3).  Retention  of  film  packet:  The  film 
packet  is  retained  with  the  index  finger  in  the  lower  mesial  corner, 
resting  the  thumb  under  the  canine  region.  Position  of  cone:  The 
cone  is  centered  so  the  central  rays  will  pass  midway  thru  film  packet. 
Exposure:  4  seconds  (regular  films). 

General  considerations:  It  is  practically  impossible  to  avoid  dis- 
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tortion  in  the  extreme  lower  mesial  corner  of  the  film  packet  due  to 
excessive  bending  of  the  packet  at  this  point.  A  slight  shift  of  the 
tube  to  the  mesial  will  aid  in  preventing  much  of  this  distortion. 
Care  must  be  taken  to  keep  the  tongue  from  interfering  with  the 
respiration  of  the  animal. 

Mandibular  Molar  Region.  Position  of  head:  The  dog  is  placed 
on  his  side  and  the  head  positioned  so  the  side  to  be  radiographed  is 
horizontal.  Angulation:  Vertico-horizontal  angle:  75  degrees  in¬ 
ferior.  Mesio-distal  angle:  Perpendicular  to  the  film  packet  {fig.  6). 
Position  of  film  packet:  With  short  dimension  of  film  packet  corre¬ 


sponding  long  axes  of  the  teeth,  closely  adapt  the  packet  to  include 
all  the  third  molar  region  and  extend  mesially.  Have  the  upper  edge 
of  the  film  packet  uniformly  3  to  4  mm.  above  the  cusps  of  the  molar 
teeth  {fig.  3).  Retention  of  film  packet:  The  film  packet  is  retained 
with  the  index  finger  in  the  center  of  the  lower  one  third,  resting  the 
thumb  under  the  pre-molar  region.  Position  of  cone:  The  cone  is 
centered  so  the  central  rays  will  pass  midway  thru  film  packet.  Ex¬ 
posure:  4^  seconds  (regular  films). 

General  considerations:  The  mandibular  molar  region  is  probably 
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the  ideal  to  radiograph  in  that  the  film  packet  can  be  placed  practi¬ 
cally  parallel  to  the  long  axes  of  the  molar  teeth  and  accurate  profile 
images  of  the  teeth  secured.  Care  should  be  taken  in  placing  the 
packet  in  this  region  so  the  soft  tissues  of  the  throat  will  not  be  se¬ 
verely  traumatized.  The  film  packet  must  be  retained  firmly  in 
order  to  avoid  movement  of  the  packet  during  exposure. 


GRENZ  RAY  STUDIES  OF  THE  CALCIFICATION 
OF  ENAMEL 

EDMUND  APPLEBAUM,  D.D.S. 

School  of  Dental  and  Oral  Surgery,  Columbia  University,  X.  E. 

REVIEW  OF  LITERATURE 

V.  von  Ebner  (1906)  attempted  to  classify  the  changes  in  enamel 
from  the  soft  embryonic  state  to  the  stone-hard  condition  it  finally 
reaches.  On  the  basis  of  its  appearance  in  polarized  light  he  pro¬ 
posed  4  terms  to  describe  the  stages  of  enamel  in  passing  from  its 
original  soft  condition  to  the  finished,  hard  state:  primary,  yoi^g, 
transitional  and  hard.  '' 

It  may^e  advisable  to  discuss  some  terms  especially  since  they 
have  been  used  with  different  meanings  or  emphasis  by  many  investi¬ 
gators.  Thus,  development  of  enamel  implies  the  formative  processes 
associated  primarily  with  cellular  activity  of  the  ameloblasts.  Cal¬ 
cification  on  the  other  hand  deals  with  subsequent  processes  superposed 
on  development  or  formation — namely,  the  deposition  and  precipita¬ 
tion  of  mineral  salts. 

The  calcification  of  the  enamel  has  been  described  by  Beust  (1928) 
as  occurring  in  several  stages.  Beust  demonstrated  this  by  staining 
and  by  x-ray  studies.  Kitchin  confirmed  this  by  polarized  light 
studies,  while  more  recently  Chase  employed  the  decalcification 
method  to  show  that  enamel  which  has  just  been  formed  (organic) 
resists  solution  in  acids.  Later  on,  it  is  relatively  acid  soluble.  The 
difference  must  be  due  to  some  transformation  taking  place  after 
enamel  has  been  deposited  by  the  ameloblasts. 

METHOD  .\ND  M.\TERI.\L 

The  present  report  is  based  on  Grenz  ray  (soft  x-ray)  studies 
(Applebaum,  Hollander  and  Bodecker,  1933)  of  ground  sections  of  de¬ 
ciduous  and  permanent  human  teeth — and  briefly  presents  the  calcifi¬ 
cation  process,  essentially  as  previous  workers  have  described  it.  An 
attempt  was  made  to  arrange  the  material  so  as  to  show  the  stages 
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of  enamel  calcification  as  simply  as  possible.  Ground  sections  were 
made  as  nearly  uniform  in  thickness  as  possible  with  hand  ground 
material.  Photomicrographs  and  Grenz-ray  pictures  were  taken 
and  uniform  enlargements  secured.  An  attempt  was  made  to  secure 
uniformity  in  the  voltage,  amperage,  and  exposure  time  of  all  Grenz 
ray  plates  so  that  the  different  sections  could  be  compared  in  regard 
to  extent  and  degree  of  calcification. 

FINDINGS 

The  beginning  of  calcification  can  be  studied  in  fig.  1,  a  photomicro¬ 
graph  of  an  unerupted  deciduous  second  molar  of  a  still-born  infant. 


Fig.  1  Fig.  2 


Fig.  1.  Photomicrograph  of  unerupted  deciduous  second  molar  of  a  still-born  infant 
(9  months).  Bucco-lingual  ground  section  showing  dentine  (D)  and  enamel  formation 
(E)  at  horns  of  dental  papilla  (P).  These  separate  centers  of  calcification  are  joined 
across  occlusal  surface  by  predentine  (U)  which  is  uncalcified.  A  is  layer  of  ameloblasts 
displaced  during  grinding. 

Fig.  2.  Grenz  ray  (soft  x-ray)  picture  of  specimen  seen  in  fig.  1.  Beginning  of  calcifi¬ 
cation  is  seen  at  separate  centers.  There  is  a  difference  in  density  of  enamel  and  dentine 
even  at  this  early  stage. 


This  is  a  bucco-lingual  ground  section  showing  enamel  and  dentin 
formation  at  the  tip  of  the  separated  cusps,  with  uncalcified  dentin 
alone  uniting  the  cusps  across  the  occlusal  surface.  The  specimen 
was  impregnated  with  balsam  in  order  to  retain  the  soft  tissues  during 
grinding,  and  we  see  the  dental  papilla  as  well  as  the  calcified  enamel 
and  dentin.  A  Grenz  ray  picture  (Jig.  Z)  of  this  ground  section  shows 
a  variation  in  density  in  the  different  tissues.  Even  at  this  very 
early  stage  a  difference  is  noted  between  density  of  enamel  and  dentin 
at  the  tip  of  the  cusps.  The  uncalcified  dentin  (predentin)  which 
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serves  to  join  these  cusps  is  radiolucent,  and  we  only  know  it  is 
present  by  microscopic  examination  of  the  specimen. 

Fig.  3  is  a  photomicrograph  of  a  ground  section  of  an  unerupted 
first  deciduous  molar  of  an  infant,  one  year  and  six  months  old. 
In  this  case  the  enamel  crown  seems  completely  calcified.  Yet  in  the 
Grenz  ray  picture,  Jig.  4,  we  note  that  while  the  enamel  along  the 
occlusal  surface  is  radiopaque,  the  enamel  along  the  buccal  and  lingual 
plates  of  the  crown  is  much  more  radiolucent.  This  shows  that 
although  the  enamel  is  completely  formed,  calcification  is  not  com¬ 
pleted.  An  aluminum  penetrometer  was  inserted  in  order  to  give 


Fig.  3  Fig.  4 


Fig.  3.  Photomicrograph  of  unerupted  deciduous  molar  from  infant  li  years  old. 
Bucco-lingual  ground  section  showing  complete  “enamel”  formation.  E  =  enamel. 
D  =  dentine.  Enlargement  20X. 

Fig.  4.  Grenz  ray  (soft  x-ray)  picture  of  specimen  seen  in  fig.  3  indicating  that  enamel 
is  not  uniformly  calcified  though  completely  “formed”.  Note  “gray  scale”  of  aluminum 
penetrometer. 

some  idea  of  the  relative  densities  of  the  tissues  during  development. 
Van  Huysen,  Warren,  Hodge  and  Bishop,  have  shown  that  normal 
unchanged  dentin  is  nearly  equivalent,  in  its  roentgen  ray  absorption, 
to  an  equal  thickness  of  pure  aluminum  while  enamel  is  nearly  equal 
to  twice  its  equivalent  thickness.  The  gray  scale  of  x-ray  negatives 
from  white  to  black  can  be  divided  into  many  intermediate  values. 
These  variations  depend  on  the  radiopacity  of  the  dental  tissues. 
They  may  be  compared  with  the  gray  scale  made  by  the  aluminum 
penetrometer  which  has  steps  of  different  thickness  marked  1,  2,  3,  4, 
and  5  as  seen  in  Jig.  4. 
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In  comparing  the  shades  registered  by  the  penetrometer  to  those  of 
the  tissues  of  the  tooth  we  know  that  Step  1  of  the  penetrometer  is 
about  twice  as  thick  (dense)  as  Step  5.  Occlusal  enamel  (white) 
is  about  the  same  shade  as  step  1  and  therefore  is  twice  as  dense  as 
the  approximal  enamel  which  is  as  black  as  step  5.  The  occlusal 
dentin  is  about  midway  between  these  in  density  or  equivalent  to 
step  3  =  2S0n  of  aluminum,  which  is  the  thickness  of  this  ground 
section. 

Fig.  4  also  seems  to  indicate  delicate  variations  in  radiopacity  along 
the  striae  of  Retzius.  This  picture  seems  to  support  the  point  of 
view  of  Chase  concerning  the  rhythmicity  of  enamel  maturation: 

“Beust  (1928)  has  called  attention  to  the  relatively  insoluble  immature  enamel  of  the 
pig  and  the  fact  that  it  is  present  in  nearly  its  entire  adult  thickness  before  the  hardening 
process,  which  requires  months,  is  completed.  His  statement  that  ‘that  which  has  here¬ 
tofore  been  taught  about  the  rhythmic  deposition  of  the  enamel  whereby  the  striae  of 
Retzius  are  said  to  be  formed  is  based  on  a  misconception’  is  correct  in  the  sense  of  his 
further  statement  that  ‘the  ameloblasts  do  not  deposit  finished  layers  of  enamel’  but  is 
certainly  incorrect  in  the  sense  that  there  is  no  rhythmicity  in  the  maturation  of  the 
enamel.  That  maturation  of  the  enamel  is  a  rhythmically  progressive  process  has  already 
been  demonstrated  polariscopically  by  von  Ebner  (1906)  whose  findings  are  supported 
by  my  demonstration  of  the  differentially  staining  zones  in  the  decalcified  sections  of 
immature  enamel. . . .  The  boundaries  between  young  and  transitional  enamel  parallel 
the  direction  of  the  incremental  lines.” 

Fig.  4  is  proof  that  enamel  is  not  laid  down  by  ameloblasts  as  a  fully 
formed  and  calcified  product.  Mellanby  claims  that  enamel  calcifies 
in  two  stages,  the  tissue  being  first  deposited  in  a  semi-calcified  state 
and  later  becoming  fully  calcified.  If  the  first  process  is  slowed  down 
or  checked,  the  resulting  enamel  will  be  below  normal  in  quantity 
but  it  may  still  be  well  calcified.  Thus,  in  spite  of  irregularities  in 
enamel  surface  with  gross  defects,  the  enamel  of  the  specimen  shown 
in  fig.  5,  is  radiopaque  in  the  Grenz  ray  picture,  fig.  6. 

When,  however,  the  deposition  of  the  semi-calcified  basis  is  com¬ 
plete,  but  the  second  stage  of  calcification  interrupted,  then  although 
there  may  not  be  any  deficiency  of  enamel  it  is  defective  in  other 
respects.  This  is  seen  in  a  study  of  mottled  enamel  (Applebaum, 
1936)  showing  radiolucent  defects,  in  outer  layers  of  enamel,  which 
persist  throughout  life  (figs.  7-8).  So-called  mottled  enamel  is  ap¬ 
parently  enamel  which  has  not  completed  calcification,  since  it  is  often 
retained  in  its  entire  thickness  after  decalcification.  In  decalcifying 
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human  mottled  enamel  the  writer  noted  that  the  organic  matrix  of 
enamel  stained  blue  (Mallory’s  stain)  throughout — even  at  the  surface. 
This  enamel  has  remained  in  its  original  form  and  has  not  proceeded 
to  the  final  stage  of  calcification. 

One  is  tempted  at  this  point  to  speculate  on  the  mechanism  of 
calcification.  Obviously  from  Jig.  4  the  ameloblasts  do  not  lay  down  a 
fully  formed  and  calcified  enamel.  There  seems  to  be  an  organic 
matrix  formed  first  which  is  calcified  later.  Wells  has  pointed  out 
that  we  are  driven  to  the  conception  of  a  physical  Kalkf anger  which 


Fig.  5  Fig.  6 


Fig.  5.  Hypoplastic  human  enamel  with  zones  of  injury  following  striae  of  Retzius. 
Note  interglobular  spaces  in  dentin  at  I. 

Fig.  6.  Grenz  ray  picture  of  hypoplastic  enamel  seen  in  fig.  5.  Note  poorly  calcified 
interglobular  spaces  in  dentine. 

serves  as  a  point  where  condensation  of  poorly  soluble  calcium  salts 
takes  place  until,  perhaps  because  of  variation  in  CO2  content  in  the 
solvent  fluids  (blood  and  lymph),  precipitation  begins  and  continues 
rhythmically  as  Hofmeister  suggested.  Wells  showed  that  the 
substances  which  take  up  calcium  have  strong  and  specific  absorption 
affinities.  This  is  interesting  in  relation  to  jig.  2  where  at  the  begin¬ 
ning  of  calcification  we  note  a  difference  in  the  density  of  enamel  and 
dentin.  Presumably  the  enamel  and  dentin  matrices  have  different 
absorption  affinities  for  calcium. 

In  the  next  case.  Jig.  9,  various  points  are  shown.  We  see  an 
ordinary  clinical  x-ray  of  the  anterior  portion  of  the  mandible  of  a 
child,  one  year  old.  This  specimen  was  sawed  through  at  the  median 


Fig.  8 


Fig.  7 


Fig.  7.  Photomicrograph  of  ground  section  of  impacted  mottled  lower  molar.  (Dr. 
Martin’s  case — .\berdeen,  South  Dakota.)  (Some  of  surface  enamel  was  lost  in  grinding 
due  to  great  brittleness  of  tissue.) 

Fig.  8.  Grenz  ray  picture  of  impacted  mottled  molar  seen  in  fig.  7.  The  x-ray  negative 
indicates  variations  in  density  of  enamel  along  bands  of  Schreger  at  outer  third  of  enamel. 
This  defect  in  calcification  at  enamel  surface  is  no  denser  than  dentine  in  this  thin  section. 
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line.  The  right  half  was  ground  and  the  left  half  was  decalcified. 
When  Grenz  ray  studies  (Jig.  11)  were  made  of  the  ground  section 
(fig.  10)  certain  details  were  noted  concerning  calcification  which  were 
not  apparent  in  the  hard  x-ray  (clinical)  picture  commonly  used. 
The  degree  of  calcification  or  radiopacity  of  the  enamel  in  the  ground 
sections  (jig.  10)  is  nicely  correlated  w’ith  the  degree  of  acid  solubility 


Fig.  10 


Fig.  11 


Fig.  12 


Fig.  10.  Photomicrograph  of  fully  erupted  lower  right  deciduous  incisor  and  unerupted 
permanent  incisor.  Labio-lingual  ground  section  of  case  shown  in  fig.  9. 

Fig.  11.  Grenz  ray  picture  of  ground  section  shown  in  fig.  10.  Enamel  of  erupted 
incisor  is  uniformly  calcified  while  that  of  unerupted  tooth  is  calcified  at  incisal  tip  and 
dento-enamel  junction. 

Fig.  12.  Photomicrograph  of  fully  erupted  lower  left  deciduous  incisor  and  unerupted 
permanent  incisor.  Decalcified  labio-lingual  section  of  case  shown  in  fig.  9.  (Note 
organic  matrix  of  enamel  in  unerupted  tooth.) 


which  is  seen  in  the  corresponding  decalcified  section  (jig.  12).  Thus 
the  enamel  of  the  erupted  deciduous  right  incisor  (Jig.  10)  is  seen  to  be 
uniformly  dense  in  the  Grenz  ray  picture  (Jig.  11).  The  enamel  of 
the  corresponding  left  deciduous  incisor  (Jig.  12)  is  completely  dis¬ 
solved  in  the  decalcified  section.  The  enamel  of  the  unerupted  per¬ 
manent  right  incisor  (Jig.  10)  is  seen  to  vary  in  its  density  of  calcifica¬ 
tion  in  the  Grenz  ray  picture  (Jig.  11).  The  enamel  at  the  tip  and 
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dentino-enamel  junction  of  this  tooth  is  radiopaque  and  the  labial 
and  lingual  plates  are  radiolucent.  The  enamel  at  the  incisal  tip  of 
the  corresponding  left  permanent  incisor  {fig.  12)  is  dissolved  in  the 
decalcified  specimen  while  the  labial  and  lingual  plates  remain  in¬ 
soluble. 


DISCUSSION 

By  correlating  ^^5.  10,  11,  and  12  it  seems  permissible  to  classify 
von  Ebner’s  first  3  stages  of  enamel  calcification  (primary,  young  and 
transitional)  as  one  stage  since  they  are  all  largely  organic,  insoluble 
in  acid  and,  as  we  have  shown,  radiolucent.  The  final  stage  of  hard 
enamel  is  radiopaque,  largely  inorganic  and  soluble  in  acid. 

These  studies  confirm  Chase’s  demonstration  in  decalcifying  and 
staining  enamel  that  the  enamel  undergoes  changes  after  it  is  first 
laid  down.  The  stages  (following  von  Ebner)  are  primary,  young, 
transitional,  and  “mature”  or  hard  enamel.  The  first  3  stages  are 
insoluble  in  acid  and  radiolucent.  Completely  acid-soluble  enamel 
is  “mature,”  hard  and  radiopaque. 

In  a  personal  communication,  Schour  wrote  that  these  Grenz 
ray  findings  “offer  valuable  clarification  on  the  question  of  what 
interpretation  we  may  be  permitted  to  give  to  decalcified  sections 
stained  with  hematoxylin  and  eosin.  Your  findings  definitely  show 
that  the  predentin  which  takes  eosin  in  decalcified  sections  is  radio¬ 
lucent  in  Grenz  rays  and  that  the  organic  enamel  matrix  which  takes 
on  deep  hematoxylin  is  also  radiolucent  in  the  Grenz  ray.  This  does 
not  mean  merely  that  there  is  no  calcium  in  the  eosin  stained  predentin 
or  in  hematoxylin  stained  organic  enamel  matrix.  Calcium  may  be 
present  but  merely  in  organic  form  and  the  organic  calcium  com¬ 
pound  apparently  does  not  resist  the  Grenz  ray.” 

Chase  claimed  that  after  the  “maturation”  of  enamel,  which  in  the 
human  dentition,  takes  approximately  3  months,  “there  is  no  further 
change  that  affects  its  solubility  during  technical  processes  of  decalci¬ 
fication.”  Evidently  in  his  paper  Chase  uses  the  term  maturation 
to  apply  to  calcific  changes  in  enamel  prior  to  eruption.  However, 
in  a  personal  communication.  Chase  wrote  that  he  would  not  make 
the  positive  statement  that  “there  are  no  post-eruptive  changes  in 
human  enamel.  As  a  matter  of  fact  there  is  considerable  evidence 


GKENZ  SAY  STUDIES!  ENAMEL 


189 


that  enamel  does  become  altered  with  age,  for  example,  it  is  generally 
believed  to  become  more  brittle.” 

Beust’s  (1934)  concept  of  tooth  maturation  a[^es  to  *‘all  parts 
of  the  tooth,  its  progress  depending  on  the  degree  of  reduction  of  the 
pulp  chamber  which  finally  may  become  entirely  obliterated  in  the 
mature  tooth. ...  In  the  fully  matured  tooth  all  colorable  (chrom- 
philic)  tissue  has  disappeared. . . .  During  maturation  a  hypercaldfied 
(possibly  also  keratinized)  tooth  replaces  a  young  organ  with  a  high 
organic  content.” 

Karlstrom  has  made  a  great  many  tests  of  the  hardness  of  dental 
enamel  by  means  of  the  Herbert  Pendulum  Hardness  Tester.  He 
showed  that  the  inner  zone  of  enamel  in  erupted  fully  mature  teeth 
was  harder  than  that  of  newly  erupted  teeth.  But,  as  the  surface 
hardness  of  immature  and  mature  enamel  is  nearly  the  same,  he  comes 
to  the  conclusion  that  the  mineral  salts  for  the  posteruptive  calcifica¬ 
tion  of  the  inner  zones  of  the  enamel  originate  from  the  interior 
(dental  pulp)  and  not  from  the  exterior  (salivary  salts). 

Hollander  has  also  investigated  ■  the  question  of  post-eruption 
enamel  changes.  He  employed  a  precision  method  for  studying  the 
radiopadty  of  ground  sections  and  found  that  enamel  contains  nearly 
twice  as  much  calcium  salt  per  unit  volume  as  does  the  dentine. 
Hollander  concluded  from  a  preliminary  study  of  4  teeth  from  different 
individuals,  17  to  68  years  old,  that  “there  exists  a  saturation  value 
for  the  normal  deposition  of  calcium  salts  in  each  region  of  the  tooth 
and  although  any  particular  area  may  be  undersaturated,  a  condition 
of  oversaturation  does  not  normally  occur.”  Hollander,  in  employing 
soft  x-rays,  pointed  out  that  the  usual  mode  of  chemical  analysis  is  not 
always  capable  of  detecting  progressive  changes  in  calcification  of  an 
organic  matrix. 

It  may  well  be  that  certain  subtle  changes  are  studied  better  by  one 
technic  than  by  another.  Thus  changes  in  the  character  of  a  mineral 
have  been  ascribed  to  molecular  rearrangement  without  addition  of 
any  new  material,  e.g.  caldte  to  aragonite — ^which  is  the  stable  form  of 
calcium  carbonate.  Such  changes  would  not  be  api)arent  in  chemical 
analysis,  yet  easily  observed  by  polarized  light.  Similarly,  certain 
posteruptive  changes  in  enamel  might  not  be  disclosed  using  Chase’s 
method  of  add  solubility  as  the  sole  test.  But  changes  may  occur 
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in  the  enamel  which  can  only  be  disclosed  by  the  hardness  or  staining 
tests  described  by  Karlstrom  and  Beust.  Such  changes  may  be  the 
cause  of  increased  tranducency  observed  in  enamel  after  eruption. 

SUMMARY 

An  attempt  was  made  to  clarify  the  mechanism  of  enamel  calcifica¬ 
tion.  The  old  concept  that  enamel  is  laid  down  as  a  fully  formed  and 
calcified  product  is  refuted  by  means  of  soft  x-ray  pictures.  While 
the  enamel  is  apposed  in  incremental  layers  its  calcification  is  shown 
to  pass  through  different  stages  en  masse,  confirming  the  work  of 
von  Ebner,  Beust,  Chase,  etc. 

One  stage  (under  which  the  primary,  young  and  transitional 
stages  of  von  Ebner,  are  grouped)  is  radiolucent  and  insoluble  in 
acid.  A  final  stage  is  soluble  in  add  and  radiopaque  at  10,000  volts. 
The  question  of  post-eruptive  changes  in  enamel  is  discussed. 
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STUDIES  ON  THE  CHEMISTRY  OF  MIXED  HUMAN  SALIVA 

III.  The  Composition  of  Saliva  Produced  at  Varying  Rates  of 

Secretion  by  the  Same  Person  with  Special  Reference 
TO  Calcium  and  Phosphorus 

J.  B.  BROWN,  Ph.D.,  H.  D.  WRIGHT,  B.Phann.,  M.D.  and 
H.  P.  UMBACHER,  B.S.,  M.D. 

Laboratory  Physiological  Chemistry,  Ohio  State  Unieersity,  Columbus,  Ohio 

In  previous  reports  (1)  (2)  the  composition  of  mixed  human  saliva 
was  studied  in  groups  of  individuals  who  naturally  produced  saliva 
at  widely  varying  rates  of  secretion.  In  the  present  investigation  a 
large  number  of  salivary  specimens  was  obtained  from  2  men  imder  a 
variety  of  experimental  conditions.  In  the  first  section  of  this  re¬ 
port  we  have  studied  the  content  of  calcium  and  phosphorus  in  a 
number  of  1  hour  specimens  obtained  from  1  donor.  In  the  second 
section  salivary  specimens  were  obtained  from  another  donor  under 
such  varying  conditions  that  he  produced  from  28  to' 213  cc.  per  hour. 
In  the  third  section  are  described  specimens  from  1  person  during  a 
continuous  6  hour  chewing  [>eriod. 

METHOD 

The  methods  used  in  the  chemical  worii  below  were  essentially  those  reported  previously 
(1)  (2).  We  have  modified  considerably,  however,  the  procedure  for  calcium  and  phos¬ 
phorus,  especially  as  regards  preparation  of  the  sample  for  analysis.  The  details  of  the 
procedure  are  as  follows:  Measure  10  cc.  saliva  into  a  40  cc.  platinum  dish.  Evaporate 
to  dryness  on  a  hot  plate.  Ash  at  650”C  in  a  muflSe  furnace,  equipped  with  a  pyrometer. 
Dissolve  the  ash  in  exactly  10  cc.  of  0.1  N.  HCl,  triturating  with  a  small  glass  rod  to 
facilitate  solution. 

Phosphorus  was  determined  in  this  solution  by  the  colorimetric  procedure  of  Yoimg- 
burg  (3).  Calcium  was  determined  on  2  cc.  aliquots  by  precipitation  with  ammonium 
oxalate.  The  pH  was  adjusted  to  4.5  with  0.05  N -NHiOH,  using  methyl  red  as  an  indi¬ 
cator.  The  remaining  details  were  essentially  those  of  the  Clark-Collip  modification  of 
the  Kramer-Tisdall  method  (4),  except  that  the  calcium  oxalate  was  washed  with  dilute 
ammonia  saturated  with  calcium  oxalate. 

The  question  of  whether  to  use  centrifuged  or  uncentrifuged  samites  of  saliva  was  very 
troublesome.  The  most  comprehensive  discussion  of  this  problem  has  been  given  by 
Wainwright  (5)  who  reported  that  in  6  of  10  specimens  examined  no  loss  of  calcium 
occurred.  In  the  other  4  the  results  were  irregular.  Wainwright  concluded,  that  on 
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account  of  this  irregularity,  centrifugation  should  precede  anal3r^.  In  our  own  ex¬ 
perience  o.'inttifugation  has  little  effect  on  the  phoq>horus  content,  but  almost  invariably 
the  calcium  is  lowered  1-2  mg./ 100  cc.  One  of  our  reasons  for  deciding  against  centrifuga¬ 
tion  in  thl*  series  of  experiments  was  that  our  specimens  were  stimulated  salivas  produced 

TABLE  I 


Analyses  cf  salivas  cf  H.  W. 


SAMPLE 

MO. 

voLuifx  IS  mx. 

TOTAL  SOLIDS 

ASH 

C* 

P 

P/C* 

u. 

% 

% 

mg./ 

lOOee. 

mg.l 

too  u. 

Experiment 

(1) 

32 

0.766 

0.224 

7.30 

1.84 

6/14/35,  10-11 

27 

0.660 

0.190 

7.00 

2.04 

A.M. 

33 

0.672 

0.254 

6.60 

11.9 

1.80 

21 

0.735 

0.265 

5.55 

12.6 

2.27 

Total  113 

Avg.  0.683 

6.61 

13.0 

1.98 

Experiment 

(2) 

1 

33 

0.672 

0.226 

6.55 

12.2 

1.86 

6/14/35, 

2-3 

2 

33 

0.618 

7.35 

10.3 

1.40 

P.M. 

3 

31 

0.512 

0.216 

5.35 

14.8 

2.76 

4 

33 

0.728 

0.252 

5.30 

16.0 

3.01 

Total  130 

Avg.  .0632 

0.224 

6.13 

13.3 

2.25 

Experiment 

(3) 

1 

27 

0.802 

7.65 

17.3 

2.26 

6/19/35  9-10 

2 

20 

0.590 

0.124 

7.85 

15.7 

2.00 

A.M. 

3 

28 

0.582 

0.218 

6.70 

14.1 

2.10 

4 

29 

0.578 

0.224 

5.60 

14.0 

2.50 

Total  104 

Avg.  0.635 

0.194 

6.95 

15.2 

2.21 

Experiment 

(4) 

1 

27 

0.643 

0.225 

6.05 

15.6 

2.57 

6/19/35, 

2-3 

2 

36 

0.656 

wm 

6.25 

14.7 

2.35 

P.M. 

3 

30 

0.556 

6.60 

15.4 

2.33 

4 

33 

0.560 

\  0.186 

5.90 

15.4 

2.60 

Total  126 

Avg.  0.603 

6.20 

15.2 

2.46 

Experiment 

(5) 

1 

30 

0.782 

0.148 

7.22 

17.2 

2.42 

6/20/35, 

2-3 

2 

23 

0.786 

0.116 

7.22 

16.5 

2.28 

P.M. 

3 

25 

0.722 

0.222 

6.55 

16.6 

2.53 

4 

26 

0.740 

0.278 

6.20 

17.2 

2.77 

Total  104 

Avg.  0.757 

0.191 

6.79 

16.9 

over  1  to  6  hour  periods.  The  effect  of  food  residues  is  thus  correspondingly  less  because 
these  are  spread  over  larger  volumes.  Further,  we  are  inclined  to  ^e  belief  that  much  of 
the  precipitate  which  is  removed  from  production  salivas  by  centrifugation  consists  (1)  of 
serous  and  mucous  debris  and  desquamated  cells  of  the  glands  which  may  well  represent 
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sources  of  caldum  which  should  be  accounted  for,  and  (2)  of  insoluble  compounds  which 
form  gradually  on  standing.  Usually,  for  example,  further  precipitation  occurs  after 
the  ^>ecimen  has  stood  for  a  day  or  two.  Unless  otherwise  q>ecified,  the  specimens  below 
were  imcentrifuged. 

EXPERIMENTS  AND  OBSERVATIONS 

‘Phosphorus  and  Calcium  in  Saliva  of  H.  W.  Obtained  During  1 
Hour  Production  Periods.  In  the  following  exp)erinients  H.  W. 
chewed  8  gm.  of  paraffin  for  1  hour  periods.  Fifteen  minute  speci¬ 
mens  were  collected  and  analysed,  the  results  appearing  in  Table  I. 

The  average  production  by  H.  D.  W.  on  8  gm.  of  paraffin  was  115 
cc.  per  hour.  Apparently  over  1  hour  periods  of  stimulation  calcium 
values  tend  to  decline;  those  for  phosphorus  are  relatively  constant 
in  3  experiments,  in  1  instance  there  being  a  rise  and  in  another  a 
fall.  The  P/Ca  values  fluctuate  but  tend  to  increase  as  stimulation 
continues,  due  to  the  calcium  decline. 

The  Composition  of  Salivas  Produced  at  Widely  Varying  Rates  by 
H.  L.  One  subject  (H.  L.)  produced  1  hour  specimens  of  saliva  under 
various  conditions  of  stimulation;  from  the  mere  act  of  moving  the 
jaws  to  several  other  chewing  stimuli, — gum,  various  amounts  of 
paraffin  and  the  like.  In  several  instances  the  chewing  was  con¬ 
tinued  over  2  and  3  hour  periods.  In  Table  II  a  large  series  of  data 
is  arranged  according  to  the  rate  of  production.  It  is  to  be  noted  that 
the  data  naturally  fall  into  3  groups,  comparable  to  the  data  in  pre¬ 
vious  reports  (1)  (2).  Averages  for  the  3  groups,  low,  mediiun,  high, 
are  shown  for  comparison  as  groups. 

The  data  above  lead  to  the  general  conclusion  that  an  individual 
may  be  made  to  produce  saliva  over  a  wide  range  of  production  rates 
by  simply  varying  the  chewing  stimulus.  This  result  of  course  might 
have  been  predicted,  although  it  was  not  expected  that  the  range 
would  be  so  wide,  in  fact  as  wide  as  one  observes  over  a  large  group 
of  people  with  the  same  chewing  stimulus  (cf.  preceding  reports). 
Chemical  analyses  of  the  large  number  of  specimens  reported  above 
support  the  idea  that  when  a  given  individual  produces  salivas  at 
widely  varying  rates,  the  composition  varies  essentially  as  noted  in 
our  previous  work  on  specimens  produced  by  a  large  group  of  persons, 
— namely,  solids,  ash,  chloride,  and  pH  increase  with  rise  in  produc¬ 
tion  rate;  calcium  rises  slightly;  phosphorus  remains  essentially  con- 
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TABLE  n 


Analysis  of  salivas  produced  by  H.  L.  under  various  chewing  stimuli 

EXPEUMENTAL  CX>NDmONS 

CHEWINO 

STUnTLtTS 

VOL./ 

BE. 

TOT.% 

SOLIDS 

ASH  % 

Cl 

C« 

P 

pH 

9:30  A.M. 

Nothing 

CC, 

28 

0.4830 

0.1760 

*»*•/ 

100  u. 

50.8 

mg./ 
100  u. 

mg./ 
100  u. 

1 

9:30  P.M.  In  bed 

Nothing 

mm 

42.1 

6:30  A.M.  Before 

Nothing 

32 

BBSS] 

56.5 

— 

breakfast 

10:45  P.M.  Cold 

Nothing 

35 

n 

42.4 

— 

3:50  A.M.  Water  be- 

Nothing 

38 

3RTt!i 

43.0 

4.0 

12.6 

— 

fore 

10:45  P.M. 

0.  K. 

49 

19.5 

B 

6.8 

10:45  P.M. 

Nothing 

51 

37.9 

H 

7.0 

9.10  P.M. 

Nothing 

51 

\wnr\ 

28.7 

7.0 

11:40  P.M.  Sore  throat 

Nothing 

56 

0.4890 

0.2090 

41.1 

s 

10.5 

Low  Producing,  Average . 

42 

0.5099 

0.2028 

40.2 

5.2 

11.5 

m 

3:10  P.M. 

1  Stick 

80 

5.9 

14.1 

ra 

2:45  P.M.  (2nd  hr.) 

Gum 

2g.  P. 

81 

H 

H 

61.6 

_ 

■ 

7.3 

2:50  P.M. 

Ig.  P. 

85 

62.3 

— 

7.1 

2:00  P.M. 

Ig.  P. 

85 

0.1995 

54.3 

— 

7.3 

1:05  P.M. 

Ig.  P. 

89 

0.2165 

— 

— 

7.3 

3:50  P.M.  (2nd  hr.) 

Ig.  P. 

91 

0.5180 

0.2250 

63.3 

— 

7.4 

9:05  A.M. 

Ig.  P. 

97 

mi 

81.9 

5.9 

12.0 

7.3 

4:00  P.M.  (3rd  hr.) 

2g.  P. 

100 

SEE 

SIS 

59.7 

— 

7.3 

9:03  A.M. 

R.  Stopper 

107 

- 

- 

66.7 

7.2 

10:10  A.M.  (2nd  hr.) 

2g.  P. 

112 

77.4 

7.3 

10:40  A.M.  (2nd  hr.) 

3g.  P. 

113 

SiE 

73.4 

7.2 

1:45  P.M. 

2g.  P. 

115 

0.5260 

0.2630 

75.2 

7.3 

10:27  P.M. 

1  Stick  Gum 

115 

58.7 

5.1 

11.7 

6.1 

10:10  A.M. 

2g.  P. 

118 

88.7 

— 

— 

iG 

9:40  A.M. 

3g.  P. 

120 

0.5220 

0.2260 

87.8 

— 

— 

w 

10:53  A.M.  (2nd  hr.) 

4g.  P. 

124 

82.9 

5.6 

11.6 

m 

9:00  A.M. 

4g.  P. 

126 

to.4465 

mm 

4.9 

11.7 

m 

12:48  A.M.  Cold 

2g.  P. 

134 

125.5 

— 

— 

m 

12:35  P.M. 

4g.  P. 

143 

98.9 

4.0 

12.5 

7.3 
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stant.  In  general  the  rate  of  production  rises  with  increase  in  amount 
of  paraffin  chewed.  The  increase  in  pH  may  involve  increase  in  con¬ 
centration  of  bicarbonate  although  we  made  no  analyses  for  this 
component  to  test  this  possibility. 

The  Changes  in  Composition  of  Saliva  Produced  Continuously  Over 
A  Six  Hour  Period.  This  experiment  was  conducted  primarily  to 
satisfy  our  curiosity  as  to  what  would  happen  to  secretion  rate  and 
composition  of  salivas  produced  during  a  prolonged  period  of  chewing 
stimulation.  One  of  us  (H.  L.)  3  hours  after  a  breakfast  of  1  orange 
and  immediately  after  a  lunch  of  2  oranges  began  chewing  (12  M) 
four  grams  of  paraffin.  Continuous  hourly  specimens  were  secured 
for  6  hours.  About  the  fourth  hour  the  subject  became  thirsty  and 
remained  so  during  the  rest  of  the  experiment,  due,  no  doubt  to  de¬ 
hydration.  From  the  fifth  hour  on,  severe  headache  was  experienced 
n  the  occipital  region.  The  data  on  the  6  specimens  follow: 

TABLE  m 


Analytical  data  on  salivas  produced  continuously  over  a  six  hour  period 


HOUK 

AKT. 

8EC1ZTSD 

TOTAL 

SOLIX^S 

ASH 

OBOAMIC* 

Cl 

C* 

P 

u./kr. 

per  cent 

per  cent 

per  cent 

Mt./tOO  ee. 

mt-IIOO  u. 

mg./ too  ee. 

1 

155 

0.518 

0.301 

0.217 

91.1 

5.8 

8.7 

2 

129 

0.475 

0.279 

0.196 

90.4 

5.6 

12.4 

3 

102 

0.495 

0.241 

0.254 

72.6 

10.0 

11.4 

4 

107 

0.412 

0.232 

0.180 

60.7 

12.1 

12.2 

5 

87 

0.383 

0.220 

0.163 

57.9 

6.1 

9.4 

6 

75 

0.387 

0.247 

0.140 

56.5 

10.6 

9.3 

*  Organic  calculated  by  subtracting  ash  from  total  solids. 


Generally  speaking  the  data  above  describe  the  changes  in  com 
position  such  as  might  be  expected  to  obtain  under  conditions  of  pro¬ 
gressively  fatiguing  salivary  glands.  The  rate  of  secretion  declines 
steadily.  With  this  decline  solids,  ash  and  chloride  decrease  at  a 
fairly  regular  rate.  Data  for  the  last  2  hours  tend  to  be  more  con¬ 
stant.  Organic  matter  changes  irregularly  with  an  appreciable  de¬ 
cline  towards  the  end.  Phosphorus  rises  definitely;  then  falls  back 
to  the  original  level.  Calcium  almost  doubles  during  the  third,  fourth 
and  sixth  hours.  There  is  a  general  tendency  apparently  for  the 
concentration  of  calcium  during  prolonged  activity  of  the  glands  to 
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approach  its  concentration  in  the  blood,  namely  10-14  mg.  per  cent. 
These  results,  and  many  of  our  others,  are  not  in  agreement  with 
those  of  Jonsgar  (6)  who  reports  lowered  calcium  values  for  “stim¬ 
ulated”  salivas. 

SUMMARY 

(1)  In  1  subject  specimens  of  saliva  were  produced  over  5  one  hour 
periods,  the  specimens  in  each  case  being  taken  at  15  minute  intervals 
and  subjected  to  analysis.  During  the  1  hour  periods  there  was  a 
tendency  for  calcium  to  decline  and  for  phosphorus  to  be  variable 
but  the  P/Ca  values  showed  some  tendency  to  increase  due  to  fall  of 
the  calcium  values.  (2)  Another  subject  produced  34  one  hour 
specimens  under  a  wide  variety  of  chewing  stimuli.  The  rate  of 
secretion  varied  from  28  to  213  cc.  per  hour.  When  arranged  accord¬ 
ing  to  rate  of  production,  the  specimens  fall  naturally  into  3  groups — 
low,  medium  and  high;  the  average  composition  of  these  groups  may 
be  correlated  with  rate  of  production  very  like  the  results  previously 
reported  for  groups  of  individuals.  (3)  One  subject  chewed  con¬ 
tinuously  for  6  hours.  The  regular  fall  in  production  rate  was  ac¬ 
companied  by  decline  in  solids,  ash  and  chloride.  Phosphorus  rose, 
then  fell.  Calcium  nearly  doubled  in  three  of  the  specimens,  con¬ 
centration  approaching  that  of  blood  serum. 
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INTRODUCTION 

In  a  recent  publication  (11)  an  attempt  was  made  to  establish  the 
present  status  of  technical  procedures  in  salivary  calcium  analysis. 
Emphasis  was  placed  on  the  necessity  of  establishing  normal  ranges 
for  salivary  constituents,  which,  based  on  a  large  amount  of  material, 
will  serve  as  standards  by  which  any  pathologic  composition  can  be 
judged.  Today  in  any  discussion  of  normal  and  pathologic  calcium 
metabolism,  due  consideration  must  be  given  to  the  various  phos¬ 
phorus  fractions  and  their  distribution  because  it  is  increasingly 
apparent  that  they  are  interdependent  in  metabolic  processes.  For 
many  years  it  was  believed  that  dental  caries,  paradentosis  and  patho¬ 
logic  bone  formation  were  primarily  calcium  problems,  because  one  is 
easily  inclined  in  speaking  of  enamel,  dentin,  cementum  and  bone 
to  think  in  terms  of  only  their  chief  constituent.  However,  recent 
authors  [McCollum  (84) ;  Klein  and  McCollum  (63,  64,  65) ;  Agnew, 
Agnew  and  Tisdall  (4,  5) ;  and  Price  (94,  95,  96,  97,  98,  99, 100)]  have 
expressed  the  suspicion  that  caries  might  be  the  manifestation  of  a 
disturbed  phosphorus  metabolism  which  reveals  itself  in  the  salivary 

^  G>nducted  under  grants  made  by  the  Carnegie  Corporation,  the  California  State 
Dental  Association,  California  Academy  of  Periodontology,  Research  Board  of  the 
University  of  California  and  the  Good  Teeth  Coimcil  for  Children  Inc. 

*  Presented  at  a  joint  meeting  of  the  San  Francisco  Section  of  the  International  Asso¬ 
ciation  for  Dental  Research  and  the  Northern  California  Section  of  the  American  College 
of  Dentists  in  San  Francisco,  March  10, 1937. 
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composition.  Here,  as  with  calcium  metabolism,  there  is  a  profuse 
literature  on  the  subject  of  pathologic  levels  of  salivary  phosphorus 
without  any  consideration  of  comparative  values  of  normal  composi¬ 
tion.  The  establishment  of  standard  norms  must  at  present  be  con¬ 
sidered  the  primary  requisite  for  the  study  of  pathologic  material. 

Earlier  analyses  of  inorganic  salivary  phosphorus  (10)  focused 
attention  on  the  wide  range  of  values  found  in  various  individuals. 
It  is  surprising  that  inorganic  phosphorus  values  of  mixed  human 
saliva  range  between  10  and  70  milligrams  per  cent,  in  contrast  to 
those  of  blood,  which  range  between  3  and  5  milligrams  per  cent. 
Such  a  range  is  unequaled  in  any  other  secretory  product  of  the  body 
and  it  brings  to  mind  a  problem  which  has  been  discussed  frequently — 
whether  the  saliva  is  solely  a  secretory  product  or  whether  it  acts  more 
or  less  as  a  “safety  valve”  for  the  organism  and  thereby  becomes 
also  a  typical  excretory  product.  This  involves  the  question  of  (a) 
whether  the  phosphorus  composition  of  saliva  can  be  influenced  by 
diet  or  the  administration  of  drugs  in  a  typical  manner  and  (b)  whether 
the  organism  controls  the  phosphorus  output  through  the  salivary 
glands  in  a  similar  way  as  through  feces  and  urine. 

In  view  of  the  fact  that  the  phosphorus  intake  varies  individually 
to  a  large  extent,  it  is,  of  course,  possible  that  each  individual  food 
habit  might  be  reflected  in  the  saliva.  Extreme  variations,  therefore, 
may  have  definite  biological  significance  and  it  was  felt  that  parallel 
with  investigations  on  salivary  calcium  the  various  phosphorus  frac¬ 
tions  should  be  examined.  Before  analytical  work  was  begun  the 
literature  was  surveyed  as  to  formerly  established  averages  and 
ranges  for  salivary  phosphorus. 

APPROACH  OF  FORMER  INVESTIGATORS  IN  THE  ANALYSIS  OF 
SALIVARY  PHOSPHORUS  AND  CRITICAL  DISCUSSION 
OF  THEIR  WORK 

Salivary  phosphorus  analyses  have  been  made  as  far  back  as  1848 
by  Jacubovitch  (54).  References  to  his  analyses  can  be  found  in 
Bidder  and  Schmidt's  work  on  saliva  in  1852  (15).  During  the  fol¬ 
lowing  decades  the  names  of  Hammerbacher,  1881  (42),  Herter  (49), 
Frerichs  (38),  Enderlin,  1884  (28)  and  Jacobi,  1896  (53)  are  definitely 
connected  with  the  history  of  analysis  of  mixed  human  saliva.  They 
all  used  macro  methods  in  determining  the  phosphorus  in  the  form  of 
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phosphorus  pentoxide  (PiOt)  or  tertiary  calcium  phosphate  (Ca« 
(POOs)  from  ash  analysis  and  expressed  this  in  the  form  of  percentage 
of  ash.  Even  as  late  as  1912  we  find  reference  to  analytical  work  by 
Evans  (31),  who  used  a  macro  method  for  11  cases.  Development 
of  the  more  delicate  micro  methods  in  use  today,  which  permit  the 
analysis  of  very  small  individual  samples,  has  led  to  the  belief  that 
these  early  results  can  hardly  be  considered  for  comparative  purposes. 

An  endeavor  to  evaluate  the  work  of  former  investigators  of  salivary 
phosphorus,  with  the  omission  of  the  earlier  ones  mentioned  above, 
encountered  considerable  difficulties.  A  number  of  authors  did  not 
give  adequate  information  as  to  their  analytical  procedure,  making 
it  impossible  to  classify  them  and  to  estimate  the  comparative  value 
of  their  results  (104,  66,  45,  46,  47,  48  and  26).  They  omitted  the 
most  essential  data,  not  even  mentioning  the  fraction  analyzed. 

For  the  sake  of  completeness  their  names  and  available  data  are 
entered  in  Table  I;  however,  they  are  grouped  separately  from  those 
authors  who  are  classified  according  to  the  fraction  analyzed  (total 
phosphorus,  total  acid  soluble  and  inorganic  phosphorus).* 

Group  I.  Total  Phosphorus.  Among  44  investigators  of  salivary 
phosphorus  the  authors  found  references  to  eighteen  who  paid  special 
attention  to  the  total  phosphorus  content  (Table  I).  Rose’s  (102) 
analyses  of  pooled  samples  belong  to  the  earliest  investigations  of 
total  phosphorus  of  saliva.  However,  no  reference  could  be  found 
as  to  the  technic  followed  in  his  work.  The  data  published  by  Price 
in  1932  (96)  and  1936  (101)  are  also  most  incomplete  and  make  it 
difficult  to  interpret  the  vast  amount  of  material  examined.  Between 
1905  and  1927  apparently  no  reports  appeared  in  the  literature  with 
reference  to  salivary  total  phosphorus  until  Clark  and  Levine  (20) 
again  opened  the  discussion  of  this  problem  in  1927.  Since  then  it 
seems  that  investigators  have  become  more  “phosphorus  conscious.” 

The  importance  of  preliminary  centrifugation  for  the  removal  of 
debris,  etc.  in  the  technic  of  phosphorus  analysis  will  be  discussed 
separately  (115).  However,  it  seems  worthy  of  note  that  of  the  18 
mvestigators,  only  2  used  preliminary  centrifugation  of  saliva  (19, 
117);  2  did  not  state  which  procedure  they  followed  (102,  96);  while 

*  The  report  of  the  225  cases  of  Vogt  (113)  referred  to  by  Enright,  Friesell  and  Treacher 
(29,  page  795)  for  calcium  and  pho^horus  analysis  of  saliva  was  not  available. 
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12  omitted  centrifugation  before  ashing.  The  prevailing  method  of 
treating  organic  matter  (Table  I,  column  7)  was  the  dry  ashing  process, 
with  the  exception  of  2  (1 18, 1)  who  used  wet  ashing.  The  colorimetric 
procedure  was  preferred  by  most  authors  (Table  I,  column  9).  Again, 
as  in  the  reports  of  calcium  analysis,  it  was  surprising  to  learn  that 
only  3  authors  reported  definitely  that  they  checked  their  method 
on  test  solutions  (71,  118,  119  and  1). 

In  Table  II,  colunms  10  and  11,  the  ranges  and  average  values 
obtained  by  these  18  authors  are  recorded.*  The  great  variation  of 
results  becomes  immediately  evident.  Since  this  variation  could 
not  be  explained  only  on  the  basis  of  the  number  of  patients  examined 
(Table  II,  column  4),  it  was  necessary  to  analyze  these  results  (a) 
from  the  standpoint  of  whether  resting  or  activated  saliva  was  used 
(Table  II,  column  5)  and  (b)  whether  or  not  patients  of  different  age 
groups  (Table  II,  colunm  8)  or  states  of  health  (Table  II,  column  9) 
were  examined.  The  influence  of  variations  in  the  analytical  pro¬ 
cedure  will  receive  special  consideration  later.  In  a  previous  com¬ 
munication  (11)  the  terms  “resting”  and  “stimulated”  saliva  were 
used.  “Resting  saliva”  referred  to  the  sample  taken  before  breakfast. 
The  influence  of  a  meal  or  any  other  stimulant,  applied  intentionally 
or  unintentionally,  on  samples  taken  1  or  2  hours  after  breakfast  or 
luncheon  does  not  permit  the  designation  “resting  saliva.”  It  has 
been  repeatedly  stated  in  various  publications  that  saliva  was  taken 
“after  breakfast,”  or  simply  that  “activated  saliva”  was  used,  without 
giving  the  exact  time  of  day  at  which  it  was  procured.  It  has  been 
our  experience  that  the  rate  of  flow  of  saliva  influences  definitely 
the  levels  of  calcium  and  phosphorus  in  milligrams  per  cent  and 
milligrams  per  hour,  hence  it  is  necessary  to  know  which  tj^pe  of  resting 
or  activated  saliva  was  used  and  whether  the  rate  of  flow  was  observed 
and  recorded. 

It  has  been  emphasized  previously  that  immunity  to  caries  is  not  an 
indicator  of  the  health  of  the  patient  and  that  physical  examinations 
and  metabolic  tests  are  required  to  be  sure  that  otherwise  unnoticed 
general  disturbances  have  not  influenced  the  results. 

The  data  of  Table  II  have  been  demonstrated  graphically  in  Table  III. 

*  The  comparative  Percentage  distribution  of  the  phosphorus  fractions,  including  the 
organic  matter  will  be  published  separately. 
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In  section  A  the  range  and  averages  are  entered  opposite  the  authors’ 
names,  the  number  in  brackets  next  to  “R”  or  “S”  over  the  “O”  line 
indicate  the  number  of  individuals  examined  and  whether  resting  or 
stimulated  saliva  was  used.  Only  5  of  these  18  authors  used  resting 
saliva  (section  B).  With  regard  to  the  age  of  the  patient,  only  White 
and  Bunting  (117)  (Table  III,  section  C)  paid  attention  to  this 
factor.  They,  too,  reported  their  technic  and  material  adequately 
(Table  III,  section  D).  However,  it  should  be  mentioned  that 
White  and  Bunting  described  their  material  as  “caries-free  school 
children,”  without  giving  any  other  details  as  to  their  physical  health. 

The  values  for  total  phosphorus  (ranging  from  18.1  to  21.0  milli¬ 
grams  per  gram)  as  reported  by  Scoz  (106)  have  not  been  entered  in 
Tables  II  and  III.  Although  this  author  refers  to  his  use  of  the 
Lohman  method  for  phosphorus  analysis  of  biological  material,  he 
does  not  state  which  method  was  used  for  determination  of  salivary 
phosphorus.  Statements  as  to  methods  of  preliminary  treatment 
by  which  the  various  fractions  were  determined  were  omitted  by 
Scoz  and  the  units  of  measurement  differ  from  those  in  general  use. 
For  these  reasons  it  is  impossible  to  compare  his  results  with  those  of 
other  authors. 

The  only  range  for  total  phosphorus  content  of  saliva  which  seems 
to  be  acceptable  for  the  establishment  of  a  normal  standard  is  that 
reported  by  White  and  Bunting:  14.1  to  18.1  milligrams  per  cent 
(117). 

This  unexpected  inadequacy  of  the  reports  on  biochemical  analysis 
of  saliva,  especially  with  reference  to  total  phosphorus  content, 
demonstrates  clearly  that  too  little  is  definitely  known  on  this  subject. 

Group  II.  Total  Acid-Soluble  Phosphorus.  The  total  acid-soluble 
fraction  was  examined  by  5  investigators  (Tables  I  and  II).  Mathis 
(82)  and  Youngburg  (118)  included  this  fraction  as  part  of  their 
study  of  all  fractions.  Weber  (116)  and  Smith  (110)  used  it  in  their 
studies  of  the  presence  of  organic  phosphorus  and  its  variation  under 
different  conditions  of  bacterial  and  enzyme  activity.  Clark  and 
Shell  (21)  were  concerned  only  with  the  fact  that  they  could  secure 
comparable  results  by  the  omission  of  wet  ashing  and  chose  to  run 
the  main  part  of  their  experiment  directly  on  the  deproteinized 
filtrate.  Thus  the  results  in  this  group  were  used  only  for  comparison 


effect  thet  he  fives  deUiled  records  on  salivary  secretion,  calculated  for  45  minutes  on  activated  samples. 


208 


H.  BECKS  AND  W.  W.  WAINWRIGHT 


Hie  origiiial  phoephonu  velnce  of  Beck*  (5, 6)  must  be  multiplied  by  2. 
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with  other  fractions  in  certain  experimental  considerations  and  not 
for  comparison  with  pathological  cases  nor  for  comparison  with  the 
major  portion  of  the  material  examined. 

Only  the  analyses  of  Clark  and  Shell  appear  to  be  acceptable  for 
the  establishment  of  normal  standards,  because  they  alone  fulfilled 


TABLE  m 

Total  phosphorus  content  of  saliva  as  found  by  former  investigators 


A.  Ranges  and  average  values  of  all  authors.  B.  Ranges  and  average  values  of 
only  those  authors  who  used  resting  saliva.  C.  Ranges  and  average  values  of  only 
those  authors  under  B  who  paid  attention  to  age  of  patients.  D.  Ranges  and  average 
values  of  only  those  authors  under  A  who  reported  their  nutterial  and  analytical  pro¬ 
cedure  conq>letely.  R:  Resting  Saliva.  S:  Stimulated  Saliva.  ?:  TVpe  of  Saliva  not 
reported,  (no’s):  Number  of  cases  examined.  □:  Average.  ■:  Range. 

all  technical  requirements,  which  they  give  in  detail.  They  also 
took  into  consideration  all  factors  contained  in  Table  U,  columns 
5  to  9.  The  results  of  Gark  and  Shell  (21)  for  total  add-soluble 
phosphorus,  ranging  from  10.6  to  24.0  milligrams  per  cent,  belong 
to  the  age  group  22  to  49  years.  It  is,  of  course,  obvious  that  the 
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number  of  patients  examined  by  them  (5)  is  very  small  and  that 
it  would  be  necessary  to  analyze  the  saliva  of  a  much  larger  number 
of  patients  in  order  to  obtain  a  reliable  average  for  this  phosphorus 
fraction. 


TABLE  IV 

Inorganic  phosphorus  content  oj  saliva  as  found  by  former  investigators 

mgx 


A.  Ranges  and  average  values  of  all  authors.  B.  Ranges  and  average  values  of  only 
those  authors  who  used  resting  saliva.  C.  Ranges  and  average  values  of  only  those 
authors  under  B  who  paid  attention  to  age  of  patients.  D.  Ranges  and  average  values 
of  only  those  authors  under  A  who  reported  their  material  and  analytical  procedure 
completely.  R:  Resting  Saliva.  S:  Stimulated  Saliva.  ?:  Type  of  Saliva  not  reported, 
(no’s):  Number  of  cases  examined.  □:  Average.  ■:  Range. 

Group  III.  Inorganic  Phosphorus.  The  inorganic  fraction  of 
salivary  phosphorus  has  been  investigated  by  18  authors*  (Tables 
I,  n  and  IV).  Of  these,  7  used  resting  saliva  (Table  IV,  section  B) 

*  The  publication  of  Karshan  (60)  appeared  after  completion  of  this  manuscript  and 
a  discussion  of  it  could  not  be  included. 
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and  4  separated  their  patient  material  into  various  age  groups  (Table 
rV,  section  C).  In  Table  IV,  section  D,  there  are  only  2  investigators 
of  section  C  who  give  ranges  for  certain  age  groups,  used  resting  saliva 
and  also  adequately  reported  their  technic  and  material  examined. 
It  should  be  emphasized  here  that  it  is  not  the  authors’  intention 
to  doubt  the  results  of  all  investigators  who  are  not  included  in 
section  D,  but,  rather,  that  it  is  impossible  to  evaluate  their  work  and 
to  use  it  for  the  establishment  of  normal  standards. 

The  reasons  for  omitting  in  section  D  all  but  2  of  the  authors 
becomes  quite  obvious  if  one  compares  the  ranges  and  averages  of 
results  in  columns  10  and  11  of  Table  II.  Even  though  the  missing 
data  for  each  author  are  indicated  in  Tables  I  and  II  by  a  “?”,  it 
seems  advisable  to  comment  further  on  the  work  of  this  group  in  order 
to  avoid  any  misunderstanding  as  to  other  significant  features  in 
their  work  not  listed  in  Table  IV. 

PickeriU’s  (90)  high  average  of  21  milligrams  per  cent  in  1  patient 
can  hardly  be  accepted,  because  of  indefiniteness  of  his  report.  Entin 
and  Geikin’s  (30)  publication,  which  has  been  widely  quoted,  con¬ 
tains  so  many  unsubstantiated  conclusions  that  it  is  necessary  to 
handle  each  item  separately.  These  authors  state  that  they  examined 
138  men  of  a  military  school  and  found  an  arithmetic  mean  for  inor¬ 
ganic  phosphorus  of  12.25  milligrams  per  cent.  For  the  biometrical 
evaluation,  however,  they  used  only  121  individuals,  and  the  reader 
is  at  a  loss  to  understand  how  these  121  were  selected  from  the  138. 
A  comparative  study  of  their  own  results  with  those  of  Rose  (102) 
was  then  made.  Rose  reported  an  average  of  34.6  milligrams  per 
cent  PaOi  in  153  cases.  Actually,  the  result  of  the  computation  of 
his  values  made  by  Entin  and  Geikin  from  PtOi  into  milligrams  per 
cent  phosphorus  was  incorrect  and  should  have  been  15.1  milligrams 
per  cent  instead  of  16.84  milligrams  per  cent,  which  was  very  close 
to  their  own  standard  average  of  12.25  milligrams  per  cent.  They 
also  examined  a  small  number  of  pathologic  cases.  Their  highly 
mathematical  conclusions,  however,  are  unjustified  because  the 
average  values  for  each  group  show  very  insignificant  deviations 
from  their  average  norm.  The  report  of  these  authors  is  an  example 
of  the  necessity  for  not  blindly  establishing  a  norm  but  taking  into 
consideration  all  of  the  factors  outlined  in  Table  11. 
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Horton,  Marrack  and  Price  (50)  reported  examination  of  inorganic 
phosphorus  in  54  children  but  failed  to  report  their  results.  Smith 
(110)  examined  9  patients  to  detect  phosphatase  activity  and  its 
relation  to  calculus  formation  but  did  not  consider  sufl&cient  factors 
to  make  the  results  of  use  in  this  discussion. 

The  paper  of  Weber  is  of  special  interest  because  he  called  attention 
to  the  possibility  of  changes  in  the  amounts  of  the  phosphorus  frac¬ 
tions  if  fresh  material  is  not  used  for  analysis.  When  saliva  was 
allowed  to  stand  open  at  room  temperature  there  was  increase  of 
inorganic  phosphorus  at  the  expense  of  the  organic  fraction  during 
the  first  few  hours.  Later  a  reversal  of  this  synthesis  could  be  ob¬ 
served  which  gave  an  increased  amount  of  organic  phosphorus. 
Though  these  changes  did  not  occur  in  every  case,  Weber’s  report 
has  pointed  out  the  necessity  of  performing  the  analyses  immediately 
after  collection.  The  criticism  expressed  at  the  beginning  concerning 
the  frequent  lack  of  information  as  to  which  type  of  saliva  was  used 
applies  also  to  Weber  (116)  who  speaks  only  of  the  fact  that  saliva 
was  taken  after  breakfast  without  mentioning  how  many  minutes 
or  hours  after  breakfast.  The  time  elapsed  following  the  meal  in 
the  morning  can,  of  course,  have  an  essential  influence  on  the  result 
as  shown  by  Mathis  (82);  Clark  and  Shell  (21);  Forbes  (35);  Forbes 
and  Gurley  (37)  and  Becks  (10)  in  their  studies  of  daily  variations. 

The  credit  for  the  most  comprehensive  studies  of  mixed  human 
saliva,  and  in  particular  of  the  calcium  and  phosphorus  content,  goes 
to  the  research  group  of  Krasnow,  Karshan  and  Krejci  who  paid 
special  attention  to  details  of  method,  selection  of  material  and  col¬ 
lection  of  samples.  Karshan,  ELrasnow  and  Krejci  in  their  earlier 
paper  of  1931  (59)  reported  the  use  of  paraflSn  activated  saliva.  Later, 
in  1932  (71),  they  did  not  mention  what  type  of  saliva  was  used  in 
their  17  cases,  and  finally,  Krasnow  (68)  in  1932  reported  on  11  cases 
of  resting  saliva.  How  important  it  is  to  know  exactly  what  type  of 
saliva  is  used  is  demonstrated  by  the  results.  Karshan,  Krasnow 
and  Krejci  report  averages  of  11.3  and  11.6  milligrams  per  cent  for 
paraffin  activated  saliva  and  the  average  of  Krasnow’s  resting  saliva  is 
found  at  16.1  milligrams  per  cent,  which  is  about  5  milligrams  per  cent 
higher  in  approximately  the  same  age  group. 

Axmacher  (7)  analyzed  the  saliva  of  only  1  person  and  reports 
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much  higher  values  than  most  of  the  other  authors  of  this  group 
(22.2  to  49.2  milligrams  per  cent).  The  papers  of  Forbes  (35)  and 
Forbes  and  Gurley  (37),  which  deal  with  the  effect  of  the  neutralizing 
power  of  saliva,  contain  data  on  the  inorganic  phosphorus  content. 
The  values  of  Forbes  on  5  patients  cannot  be  used  because  data  as  to 
age  and  health  of  patients  are  missing.  In  these  reports  no  attention 
has  been  paid  to  rate  of  flow.  Price’s  extensive  publications  (94,  95, 
96,  97,  98,  99,  100)  on  salivary  composition  in  relation  to  the  denture 
could  not  be  evaluated  by  the  authors  because  data  on  the  technical 
procedure,  as  indicated  in  Tables  1  and  II,  have  not  been  published 
as  yet  and  most  essential  data  as  to  the  material  used  are  missing. 
In  view  of  the  fact  that  a  large  number  of  patients,  2600,  (101)  were 
examined  by  him,  the  authors  feel  that  it  would  be  a  great  loss  to  the 
profession  if  these  data  remain  unpublished  because  without  them  the 
values  cannot  be  used  for  comparative  study. 

The  work  of  Yoimgburg  (118),  the  originator  of  a  colorimetric 
method,  requires  special  attention.  He  reports  analysis  of  inorganic 
phosphorus  for  92  **normal  persons'*  between  the  ages  of  21  and  80 
years  with  a  range  of  7.48  to  19.99  milligrams  per  cent.  Youngburg’s 
Table  I,  however,  indicates  a  range  from  7.48  to  32.29  milligrams 
per  cent  phosphorus  (average  17.50  milligrams  per  cent)  for  this  group. 
Youngburg  furthermore  quotes  12  cases  of  Entin  and  Geikin,  for 
which  an  average  “normal”  value  of  11.59  milligrams  per  cent  inor¬ 
ganic  phosphorus  was  found,  not  mentioning  their  main  group  of 
138  patients  for  which  they  established  a  range  from  7.41  to  24.23 
milligrams  per  cent  and  a  normal  average  of  12.252  ±  2.901  (9.35  to 
15.15  milligrams  per  cent).  Youngburg  does  not  mention  the  rate 
of  flow.  If  we  compare  the  average  results  in  the  various  age  groups 
of  Youngburg’s  series,  it  can  be  noticed  that  the  inorganic  phosphorus 
content  increases  with  advancing  age;  this  is  in  agreement  with  a 
former  report  of  Becks  (10).  However,  the  average  value  of  17.50 
milligrams  per  cent  for  the  ages  from  21  to  80  years  is  a  misleading 
figure  if  applied  as  a  norm  to  lower  and  higher  age  groups.  The  same 
criticism  applies  to  Becks’  average. 

Mathis  (82)  examined  altogether  7  individuals,  for  whom  he  did  not 
give  age,  rate  of  flow,  nor  state  whether  resting  or  activated  saliva  was 
used.  Peculiarly  enough  he  leaves  out  the  description  of  the  health 
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of  these  patients  in  his  original  publication  but  it  is  given  in  his  abstract 
(83).  It  is  difficult  to  believe  that  any  serious  biologist  would  try  to 
establish  normal  standards  on  the  examination  of  6  individuals,  even 
though  “numerous”  analyses  were  made  of  mixed  saliva  from  these 
6  persons.  Since  some  of  the  most  essential  data  are  missing  from 
Mathis’  work,  the  range  of  his  results  cannot  be  accepted. 

The  survey  of  this  Group  3  reveals,  therefore,  that  in  the  final 
analysis  only  2  reports  can  be  accepted  for  the  establishment  of  normal 
standard  values  for  inorganic  phosphorus  fraction,  those  of  Clark  and 
Shell;  and  Becks.  Since  the  range  and  average  values  differ  consid¬ 
erably,  additional  data  will  be  needed,  which  must  be  obtained  under 
controlled  conditions. 

SUMMARY  AND  CONCLUSIONS 

This  study  of  the  approach  of  former  investigators  brought  out  the 
fact  that  our  knowledge  of  the  phosphorus  content  of  saliva  is  less 
than  meager.  Very  frequently  statements  were  found  of  “high  and 
low”  phosphorus  values.  However,  can  it  be  possible  to  speak  of 
high  and  low  values  if  no  one  has  succeeded  as  yet  in  establishing 
norms? 

The  main  difficulties  and  deficiencies  in  former  calcium  studies  were 
in  the  analytical  procedure,  which  influenced  the  results  to  a  large 
extent.  In  the  case  of  phosphorus,  however,  the  differentiation  into 
the  various  fractions  represented  an  additional  difficulty. 

For  this  reason  not  only  considerable  confusion  exists  in  the  liter¬ 
ature  as  to  the  terminology  but  also  as  to  the  results.  If  we  should 
accept  the  work  of  all  authors  blindly  we  would  find  the  following 
ranges  (lowest  and  highest  values  of  all  authors  of  each  group)  as 
taken  from  Table  11: 

Total  Phosphorus  =  4.0  to  22.1  mg.  per  cent 
Total  Acid-Soluble  =  10.5  to  29.3  mg.  per  cent 
Inorganic  Phosphorus  =  2.5  to  49.2  mg.  per  cent 

These  ranges  might  be  considered  perfectly  possible  and  typical  for 
the  norms,  however,  we  feel,  for  reasons  discussed,  that  in  the  estab¬ 
lishment  of  standard  norms  the  work  of  only  a  few  authors  can  be 
considered. 
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For  the  survey  of  the  work  on  total  phosphorus  content  of  saliva, 
18  reports  were  available.  The  list  of  those  acceptable  for  normal 
standards  finally  narrowed  down  to  the  work  of  White  and  Bunting, 
who  reported  a  range  of  14.1  to  18.1  milligrams  per  cent  total  salivary 
phosphorus  in  12  individuals  of  10  to  20  years  of  age. 

For  the  total  acid-soluble  fraction,  for  which  5  papers  were  avail¬ 
able,  only  Clark  and  Shell  have  reported  reliable  data,  with  a  range  of 
10.6  to  24.0  milligrams  per  cent  in  5  individuals  between  the  ages  of 
22  and  49  years.  Eighteen  authors  determined  the  inorganic  phos¬ 
phorus  fraction  of  saliva,  of  which  only  Clark  and  Shell;  and  Becks 
presented  complete  records.  The  former  reported  a  range  of  7.8  to 
24.0  milligrams  per  cent  (average  14.8  milligrams  per  cent)  for  5 
individuals  between  22  and  49  years  of  age,  while  Becks  found  a 
lower  range  for  25  individuals  (18  to  71  years),  from  6.2  to  11.8  milli¬ 
grams  per  cent  (average  8.9  milligrams  per  cent).  The  analytical 
results  for  various  phosphorus  fractions  found  in  pathologic  cases, 
caries  included,  were  omitted  and  will  be  given  further  consideration 
in  a  subsequent  publication. 

We  are  in  full  agreement  with  the  suggestion  of  Krasnow  and 
collaborators  as  to  the  preparation  of  the  patient  previous  to  the  exam¬ 
ination  of  their  saliva.  It  is  necessary  to  have  a  thorough  description 
of  health  and  metabolic  status  of  the  patient,  data  as  to  whether 
resting  or  activated  saliva  has  been  used,  with  special  reference  to  rate 
of  flow.  For  the  interpretation  of  results  additional  information  on 
the  age,  sex,  nationality,  and  detailed  dental  and  nutritional  history 
must  be  given. 

It  is  quite  obvious  that  this  lack  of  adequate  data  on  the  salivary 
phosphorus  composition  is  a  definite  handicap  in  the  understanding 
of  some  of  our  most  important  problems:  whether  salivary  phos¬ 
phorus  has  any  relationship  to  dental  caries,  paradentosis  or  calculus 
formation. 

REFERENCES  TO  UTERATURE 

References  for  this  paper  and  the  two  succeeding  papers  have  been  combined  and 
appear  at  the  end  of  the  last  paper  (p.  247). 


HUMAN  SALIVA 

rV.  Critical  Discussion  of  Former  Studies  of  the 
Distribution  of  Salivary  Phosphorus  Fractions^ 

H.  BECKS,  Dr.  med.,  Dr.  med.  dent.,  D.D.S.,  F.A.C.D. 

The  George  Willioms  Hooper  Foundation  for  Medical  Research  and  Division  of  Dental 
Medicine,  College  of  Dentistry,  University  of  California,  San  Francisco,  California 

INTRODUCTION 

In  the  course  of  the  study  of  salivary  phosphorus  (12)  it  became 
evident  that  for  diverse  reasons  the  results  of  former  investigators 
were  not  comparable  or  acceptable.  Factors  which  can  definitely 
affect  the  results,  i.e.,  age  and  health  of  the  individuals  examined, 
rate  of  secretion,  and  certain  technical  phases  of  analytical  procedure, 
were  not  reported  or  considered  in  the  interpretation  and  evaluation. 
One  of  the  outstanding  difficulties  in  the  interpretation  of  published 
results  was  the  fact  that  most  authors  did  not  differentiate  between 
the  various  phosphorus  fractions  present  in  saliva.  For  this  reason 
and  because  in  many  instances  the  fimdamental  principles  of  phos¬ 
phorus  analysis  apparently  were  not  generally  understood,  the  per¬ 
centage  distribution  of  certain  of  these  fractions  is  still  not  known. 
Clark  and  Shell  (21),  for  instance,  stated  that  the  total  acid-soluble 
fraction  of  mixed  human  resting  saliva  equaled  the  inorganic  phos¬ 
phorus  fraction.  In  a  later  publication  this  work  was  cited  by  Clark 
and  Levine  (20)  as  evidence  that  the  total  phosphorus  of  saliva  is 
entirely  in  the  inorganic  form.  Kesel  (61),  in  a  review  of  the  caries 
problem,  used  this  statement  as  an  argument  against  the  conclusions 
of  Price.  He  states,  “Clark  and  Shell  in  reporting  a  carefully  con¬ 
ducted  study  of  the  influence  of  diet  on  the  inorganic  constituents  of 
human  saliva  make  the  following  statement:  ‘ — after  about  a  third 
of  the  determinations  had  been  completed,  it  was  found  that  the 

*  CoDducted  under  grants  made  by  the  California  State  Dental  Association,  Cali¬ 
fornia  Academy  of  Periodontology,  Research  Board  of  the  University  of  California  and 
the  Good  Teeth  Council  for  Childra  Inc. 

217 


218 


H.  BECKS 


phosphorus  of  the  saliva  was  present  entirely  in  the  form  of  inorganic 
phosphate.’  If  their  finding  is  correct,  Dr.  Price’s  speculation  in 
regard  to  activators  releasing  the  bond  of  phosphorus  with  organic 
compounds  is  not  tenable.”  This  illustrates  the  extent  of  the  mis¬ 
understandings  in  the  terminology  of  the  phosphorus  fractions  and 
the  influence  of  these  misapprehensions  upon  the  interpretation  of 
findings.  Innumerable  other  incidents  could  be  quoted  in  which 
authors  used  incorrect  terms  for  the  phosphorus  fractions.  Often¬ 
times  these  irregularities  in  terminology  can  be  easily  discovered  by 
an  examination  of  the  described  methods  (Table  III),  however,  in 
some  instances  neither  the  description  of  the  fraction  analyzed  nor 
the  report  of  the  method  used  are  adequate  to  allow  the  reader  to 
determine  the  fraction  under  scrutiny. 

In  view  of  the  complexity  and  contradictory  nature  of  the  reports 
for  qualitative  and  quantitative  results  of  the  total  phosphorus  con¬ 
tent  and  other  fractions  of  saliva,  it  was  determined  necessary  to 
compare  the  various  methods  used  by  former  authors  before  any  con¬ 
sideration  was  given  to  their  results. 

FUNDAMENTAL  PRINCIPLES  OF  PHOSPHORUS  ANALYSIS 

According  to  present  knowledge  it  appears  that  salivary  phosphorus 
occurs  in  more  than  one  form.  The  known  fractions  may  be  classified 
as  follows:  total  phosphorus,  total  acid-soluble  phosphorus,  inorganic 
phosphorus,  total  organic  phosphorus,  acid-insoluble  organic  phos¬ 
phorus,  acid-soluble  organic  phosphorus  and  phospholipids.  In  most 
modem  methods  the  type  of  preliminary  treatment  given  the  organic 
matter  determines  which  of  these  fractions  is  analyzed. 

For  the  determination  of  the  total  phosphorus  content,  either  of  the 
standard  wet  or  dry  ashing  procedures  may  be  used  on  the  whole 
saliva;  but  the  total  acid  soluble  phosphoms  requires  the  preliminary 
removal  of  protein  by  precipitation  with  trichloracetic  acid,  followed 
by  the  ashing  procedure.  It  is  apparently  the  opinion  of  some  that 
the  entire  total  phosphorus  is  total  acid-soluble;  if  this  were  the  case 
the  trichloracetic  treatment  would  be  superfluous.  The  inorganic 
fraction  is  determined  by  direct  analysis  of  the  trichloracetic  filtrate 
without  ashing.  The  organic  fractions,  which  have  found  com¬ 
paratively  little  consideration  in  analytical  work,  are  determined 
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indirectly  by  calculation.  The  fraction  most  frequently  mentioned 
is  the  total  organic  phosphorus,  which  is  composed  of  the  organic 
acid-insoluble  and  the  organic  acid-soluble  parts.  The  organic  acid- 
insoluble  fraction  includes  the  phosphorus  derived  from  mucin, 
nucleoprotein  of  epithelial  cells,  and  phospholipids;  and  the  organic 
acid-soluble  fraction  includes  the  phosphorus  from  pyrosphosphate, 
creatine  phosphate,  hexosemonophosphoric  acid,  and  diphosphoglyc- 
eric  acid.  The  values  are  calculated  as  follows: 

total  organic  phosphorus  =  total  phosphorus  —  inorganic  phosphorus 

organic  acid-insoluble  phosphorus  = 

total  phosphorus  —  total  acid-soluble  phosphorus 

organic  acid-soluble  phosphorus  = 

total  acid-soluble  phosphorus  —  inorganic  phosphorus 

These  simple  equations  explain  the  difference  between  the  fractions 
and  how  they  can  be  estimated.  With  these  few  fundamentals  in 
mind  it  is  not  very  difficult  to  analyze  the  work  of  former  investigators 
and  classify  their  reports.  It  was  found  that  in  a  number  of  instances 
an  entirely  different  fraction  than  the  one  reported  had  been  deter¬ 
mined,  which,  of  course,  is  most  misleading. 

After  the  isolation  of  the  fraction  the  measurement  of  the  phos¬ 
phorus  present  can  be  accomplished  in  2  different  ways:  first,  by 
precipitation  of  the  phosphorus  as  ammonium  phosphate,  ammonium 
phosphomolybdate,  etc.,  followed  by  a  gravimetric,  volumetric,  or 
gasometric  determination  (Table  I);  second,  without  preliminary 
precipitation  by  direct  analysis  of  the  saliva  or,  more  commonly,  of 
trichloracetic  filtrate  (Table  11).  Colorimetric  methods  of  the  later 
type,  which  depend  upon  the  development  of  a  blue  color  by  the 
reduction  of  phosphomolybdate,  are  most  frequently  used,  though  in 
some  biological  materials  this  color  development  can  be  influenced 
by  certain  factors  to  such  an  extent  that  its  application  is  questionable. 
The  two  groups  of  methods,  as  outlined  by  Peters  and  Van  Slyke  (89), 
are  summarized  in  Tables  I  and  II.  The  names  of  the  authors  who 
applied  a  given  method  to  saliva  have  been  listed  in  the  last  column. 

Of  the  procedures  based  on  primary  precipitation  of  the  phosphorus, 
the  gravimetric  methods  were  among  the  earliest.  Modem  refine¬ 
ments  have  made  them  suitable  for  microtechniques  and  allow  the 
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determination  of  very  small  amounts — as  small  as  0.1  mg.  Thus,  the 
gravimetric  methods  are  applicable,  under  certain  conditions,  to 
salivary  work.  The  classical  method  is  to  weigh  the  magnesium 
ammonium  phosphate  precipitate,  either  dry  ashed  to  MgsPsOT  or 
dried  to  constant  weight  as  MgNH4P04’6  HiO.  This  can  be  applied 
when  amounts  of  phosphorus  from  10  to  100  mgm.  are  available. 
An  improvement,  introduced  by  Lorenz  (79),  was  made  by  precipi¬ 
tating  the  phosphorus  as  ammonium  phosphomolybdate.  This 
compound,  (MoOi)ii  P04(NH4)*  (HNO«)i*HiO,  has  a  higher  molecular 
weight  (2019),  thus  giving  a  precipitate  of  larger  mass.  In  some 
methods  the  molybdate  precipitation  is  used  only  to  separate  the 
phosphorus  from  substances  which  might  interfere  with  its  isolation  as, 
for  example,  magnesium  ammonium  phosphate.  It  was  later  found 
by  Pouget  and  Chouchak  (92)  that  phosphorus  could  be  precipitated 
as  strychnine  phosphomolybdate.  Embden  (27)  defined  conditions 
for  its  use  in  gravimetric  methods,  where  it  is  particularly  suitable 
because  of  the  very  large  molecular  weight.  The  weight  of  strychnine 
phosphomolybdate  containing  1  mg.  of  phosphorus  is  89.3  mg., 
whereas  that  of  ammonium  phosphomolybdate  is  69  mg.  The  strych¬ 
nine  precipitate  is  more  insoluble,  precipitates  more  rapidly  in  large 
particles  and  can  be  easily  dried  to  constant  weight  in  an  oven  at 
100  to  110°C.  Fetter  (32)  and  Myrback  (85)  have  adapted  this 
procedure  to  analysis  of  blood  filtrates  from  plasma  in  amounts  as 
small  as  2.5  ccm. 

The  volumetric  methods  in  this  group  (B  Table  I)  are  of  3  types. 
The  first  by  Fiske  (27)  depends  upon  addimetric  titration  of  the 
magnesium  ammonium  phosphate  predpitate.  Hydrochloric  add 
is  used  and  each  molecule  of  phosphate  neutralizes  2  equivalents  of 
acid.  This  method  is  somewhat  tedious  but  can  be  used  for  2  to 
7  mg.  of  phosphorus.  In  the  second  volumetric  method  the  ammonium 
phosphomolybdate  predpitate  is  titrated  alkalimetrically.  With 
this  predpitate  1  molecule  of  phosphoric  add  neutralizes  28  equiva¬ 
lents  of  alkali.  This  method  has  been  used  on  samples  as  small  as 
0.1  mg.  phosphorus.  Modifications  have  been  published  by  Bang 
(8) ;  Hammarsten  (40) ;  Kuhn  (73) ;  Pemberton  (88) ;  Shohl  and  Brown 
(108);  Neumann  (87);  and  Samson  (105).  Alkalimetric  titration 
has  been  applied  to  the  strychnine  phosphomolybdate  predpitate 
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by  Myrback  (85).  This  technic,  however,  has  not  given  consistent 
results  in  the  hands  of  Peters  and  Van  Slyke  (89).  The  third  volu¬ 
metric  method  is  that  of  permanganate  titration  of  the  molybdenum 
in  the  ammonium  phosphomolybdate  precipitate  according  to  the 
technic  of  Javillier  and  Djelatides  (55).  This  is  a  rather  tedious 
method  but  can  be  applied  to  amounts  of  phosphorus  as  small  as 
0.5  mg.  with  an  error  of  usually  less  than  1  per  cent. 

These  precipitates  may  also  be  determined  colorimetricaUy  (C 
Table  I)  where  quantities  of  phosphorus  of  less  than  0.1  mg.  are 
encountered,  as  in  blood  and  saliva.  Taylor  and  Miller  (111)  redis¬ 
solve  the  ammonium  phosphomolybdate  precipitate  and  reduce  the 
molybdate  ion  by  phenylhydrazine.  Tisdall  (112)  redissolved  the 
strychnine  phosphomolybdate  and  reduced  the  molybdate  ion  with 
ferrocyanide.  In  the  hands  of  Peters  and  Van  Slyke  (89)  this  method 
has  given  results  within  an  experimental  error  of  =b  2  to  3  per  cent. 

The  strychnine  phosphomolybdate  precipitate  has  been  utilized 
by  Kirk  (62)  in  a  gasometric  method  (D  Table  I)  performed  on  very 
small  amounts  of  phosphorus  in  the  Van  Slyke  gas  apparatus. 

Methods  of  the  second  main  group  (Table  II)  do  not  require  pre¬ 
liminary  precipitation  of  phosphate.  This  group  includes  several 
colorimetric  methods  but  only  1  standard  volumetric  procedure 
(A  Table  11),  originally  described  by  Pincus  (91).  In  this  volumetric 
method  the  phosphate  is  titrated  with  uranium  acetate  or  nitrate. 
The  end  point  is  detected  by  the  use  of  the  following  indicators: 
ferrocyanide,  cochineal  (Malot  (81))  and  sodium  salicylate  (Du  Parc 
and  Rogovine  (25)).  This  method  is  usually  applied  when  from  10 
to  50  mg.  phosphorus  are  contained  in  the  sample,  as  in  urine  and 
feces. 

By  far  the  most  popular  micro  methods  of  this  group  (B  Table  11) 
are  those  depending  upon  the  colorimetric  reading  of  the  blue  color 
produced  by  the  reduction  of  phosphomolybdate.  These  methods 
can  be  applied  on  amounts  of  phosphorus  varying  from  0.01  to  0.1 
mg.  Although  the  experimental  error  will  fluctuate  in  some  of  these 
as  much  as  ±  5  per  cent,  they  offer  very  rapid  and  simple  procedures 
less  subject  to  the  errors  incident  to  complicated  and  tedious  methods. 
Bell  and  Doisy  (13)  introduced  a  very  satisfactory  technic  that 
depends  on  the  reduction  of  pho^homolybdate  by  hydroquinone  with 
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sulphite  in  the  presence  of  sodium  carbonate.  Briggs  (18)  observed 
that  in  add  solution  hydroquinone  developed  a  stronger  color,  while  - 
Benedict  and  Theis  (14)  produced  an  even  stronger  color  develop¬ 
ment  by  heating  the  final  solution  in  boiling  water.  In  another  very 
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Methods  of  phosphorus  analysis  ^  biological  materials  by  direct  determination  (loithout 
preliminary  precipitation  of  phosphorus) 
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rapid  technic,  originally  developed  by  Deniges  (23),  the  powerful 
agent  stannous  chloride  was  introduced  for  the  reduction  of  phos- 
phomolybdate.  This  technic  has  been  refined  recently  and  applied 
to  biological  material  by  several  authors,  including  Kuttner  and  Cohen 
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(74);  Kuttner  and  Lichtenstein  (75);  Youngburg  (118);  Atkins  and 
Wilson  (6);  and  A.  Bodansky  (16).  Possibly  the  most  popular  of 
these  colorimetric  methods  was  introduced  by  Fiske  and  Subbarow 
(34)  in  1925.  These  authors  used  as  the  reducing  agent,  aminonaph- 
tholsulfonic  acid,  which  must  be  prepared  fresh  about  every  2  weeks. 
In  spite  of  this  inconvenience  the  method  offers  a  very  simple  and 
speedy  procedure  and  reduces  the  number  of  solutions  required  for 
analysis.  Leiboff  (76)  has  used  monomethyl-p-aminophenol  for  the 
same  purpose,  stating  that  it  is  a  very  stable  reagent.  As  yet  few 
investigators  have  adopted  this  method  and  little  information  is 
available  concerning  its  use  and  applications.  All  these  colorimetric 
methods  give  perfectly  satisfactory  results,  but  care  must  be  exercised 
in  their  choice  and  application  to  the  specific  material  to  be  examined. 

The  methods  used  by  the  different  investigators  of  human  saliva 
are  indicated  in  Tables  I  and  II.  Few  used  preliminary  precipitation, 
the  method  described  in  Table  I  Only  Karlstrom  (57,  58)  and  Mathis 
(82)  used  a  gravimetric  method  with  preliminary  precipitation  of  the 
phosphorus.  Entin  and  Geikin  (30)  used  a  volumetric  and  Krasnow, 
Karshan  and  Krejd  (71)  a  colorimetric  procedure.  It  might  be  added 
that  the  last  colorimetric  procedure  (112)  is  exceptionally  accurate 
and  does  not  require  as  large  amounts  of  phosphorus  as  do  the  methods 
used  by  Karlstrom  and  by  Entin  and  Geikin.  It  is  also  faster  than 
the  microgravimetric  method  used  by  Mathis. 

The  determination  of  phosphorus  directly  on  the  trichloracetic 
filtrate  without  the  preliminary  precipitation  of  the  phosphorus  was 
employed  by  a  number  of  investigators  (Table  II).  The  1  volumetric 
method  in  this  group  was  used  by  only  Pickerill  (90)  and  Simons 
(109).  It  is  an  older  method  and  does  not  seem  suitable  for  salivary 
analysis  because  of  the  large  amount  required  for  a  single  deter¬ 
mination. 

The  colorimetric  method  of  Bell-Doisy  (13),  and  its  modifications, 
was  used  by  six  authors;  Clark  and  Shell  (21) ;  Becks  (9, 10) ;  Hawkins 
(46);  Clark  and  Levine  (20);  Roskin  (103)  and  Boyd,  Drain  and 
Steams  (17).  These  methods  are  accepted  everywhere  in  biochemical 
work  as  the  oldest  dependable  colorimetric  methods.  The  stannous 
chloride^procedure  was  used  by  Price  (96);  Youngburg  (118);  and 
Brown  and^Klotz  (19).  It  is  more  sensitive  and  requires  smaller 
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amounts  of  saliva  but  must  be  performed  with  great  care.  The 
Fiske  and  Subbarow  (34)  method  was  employed  by  13  investigators, 
which  is  almost  half  of  all  the  modem  investigators  of  saliva.  It  is 
accepted  in  all  biochemical  fields  where  a  micro  method  is  needed. 

Summarizing,  it  can  be  stated  that,  with  the  exception  of  the 
uranium  acetate  procedure  (Table  II)  used  by  Pickerill  and  Simons, 
all  methods  used  by  former  investigators  of  saliva  are  acceptable  for 
salivary  work.  The  most  popular  are  the  methods  of  Tisdall;  Briggs, 
Bell  and  Doisy;  Fiske  and  Subbarow;  and  the  stannous  chloride  pro¬ 
cedure.  These  appear  to  be  preferable  to  other  known  procedures 
and  a  comparison  of  the  results  obtained  with  them  in  an  experimental 
study  will  be  discussed  in  the  next  paper  of  this  series. 

DISTRIBUTION  OF  SALIVARY  PHOSPHORUS  FRACTIONS 

In  establishing  normal  standards  for  the  various  phosphorus  frac¬ 
tions  in  mgm.  per  cent  (12)  it  was  found  necessary  to  eliminate  for 
the  total  phosphorus  all  but  1  (White  and  Bunting)  of  18  reports; 
for  total  acid  soluble  all  but  1  (Clark  and  Shell)  of  5  reports;  and  for 
inorganic  phosphorus  fractions  all  but  2  (Clark  and  Shell;  and  Becks) 
of  18  reports.  Most  of  these  reports  were  not  accepted  because  of 
inadequate  description  of  material,  age,  sex,  health  of  individual,  rate 
of  secretion,  methods  of  analysis,  activation  or  non-activation  of 
saliva,  etc.  These  authors  used  the  technical  analytical  methods  of 
Fiske  and  Subbarow  (White  and  Bunting,  and  Becks)  and  Bell  and 
Doisy  (Clark  and  Shell,  and  Becks),  which  were  mentioned  before  as 
being  preferable.  However,  it  may  be  emphasized  again  that  they 
apply  only  to  solutions  in  which  the  actual  phosphorus  component 
to  be  analyzed  has  been  isolated  previously.  Ignorance  of  this  fact 
has  led  many  investigators  to  publish  results  which  do  not  correspond 
to  the  fraction  specified,  and,  in  some  cases,  the  designation  indicated 
that  the  investigator  was  not  aware  of  the  fact  that  there  was  more 
than  one  fraction  of  salivary  phosphorus.  Very  few  authors  could 
be  found  who  evinced  interest  in  more  than  one  phosphorus  fraction 
in  the  same  saliva  sample  and  a  calculation  of  their  percentage  dis¬ 
tribution  (Table  III).  The  authors  in  Table  III  are  taken  from 
Tables  I  and  II  of  a  former  publication  (12),  where  their  technical 
approach  and  results  in  mg.  per  cent  were  reported.  In  several 
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TABLE  m 


Percentages  of  various  salivary  phosphorus  fractions  as  found  or  calculated  by  former 
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instances  only  2  or  3  fractions  were  determined  and  the  others  cal¬ 
culated  therefrom.  Most  of  these  reports  have  appeared  since  1927. 

In  comparing  the  percentages  found  or  calculated  for  Group  I, 
the  total  add  soluble  phosphorus  was  taken  as  100  per  cent  because 
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the  authors  of  this  group  did  not  examine  the  total  phosphorus.  In 
Group  II  all  calculations  are  based  on  the  total  phosphorus  taken  as 
100  per  cent.  The  columns  on  the  left  of  Table  HI  are  arranged  in 
chronological  order;  they  give  the  names  of  investigators,  the  year  of 
publication  and  the  number  of  cases  examined  for  more  than  1  frac¬ 
tion.  Most  of  these  comparative  examinations  of  the  phosphorus 
fractions  were  made  on  groups  of  from  1  to  20  cases,  with  the  excep¬ 
tion  of  Price  who  reported  on  2,600  (101). 

Four  authors  of  Group  I  (Clark  and  Shell  (21);  Adamson  (3); 
Smith  (110);  and  Weber  (116)  reported  the  examination  of  total 
acid-soluble  phosphorus  (Column  2  Table  III)  They  gave  their 
values  in  mg.  per  cent  without  analyzing  the  total  phosphorus  content, 
thus  making  it  impossible  to  estimate  the  percentages  on  the  basis 
of  total  phosphorus  content,  as  was  done  for  Group  U.  For  this 
reason  all  calculations  of  the  remaining  fractions  in  Group  I  were 
based  on  these  total  acid-soluble  phosphorus  values,  which  were 
arbitrarily  taken  as  100  per  cent. 

Under  Column  1  of  Table  III  it  can  be  seen  that  only  the  authors  of 
Group  II  (Axmacher  (7);  Kxasnow,  Karshan  and  Krejci  (71);  Young- 
burg  (118);  Mathis  (82);  and  Price  (101)  made  actual  determinations 
of  the  total  salivary  phosphorus,  which  was  accomplished  by  the  pre¬ 
liminary  use  of  a  standard  ashing  method  (either  wet  or  dry).  This 
process  converts  all  of  the  phosphorus  in  the  sample  to  the  inorganic 
form,  in  which  it  can  be  easily  handled  by  the  reagents  for  quanti¬ 
tative  estimation  of  phosphorus.  In  addition  to  these  5  authors 
Entin  and  Geikin  (30)  of  Group  I  report  findings  for  total  phosphorus, 
but  they  analyzed  only  the  inorganic  and  the  organic  add-insoluble 
phosphorus  and  then  called  the  sum  of  these  the  total  phosphorus, 
which  does  not  indude  the  organic  add-soluble  phosphorus.  Hence 
their  value  for  total  phosphorus  cannot  be  accepted.* 

*  Scoz  (106)  reports  values  for  salivary  “total  phosphorus”  ranging  from  18.1  to  21.0 
milligrams  per  100  grams  in  3  cases.  Although  Scoz  gives  values  also  for  orthophosphoric 
add,  pyrophosphoric  acid  and  organic  phosphorus,  the  percentages  of  these  fractions 
have  not  been  calculated  or  entered  in  Table  HI  for  several  reasons.  Scoz  does  not 
describe  his  method  of  phosphorus  analysis  or  his  methods  of  preliminary  treatment  for 
the  determination  of  the  fractions.  The  units  of  phosphorus  content  are  given  in  “mg. 
per  gm.”  of  saliva,  which  is  not  the  generally  accepted  standard  of  measurement.  For 
these  reasons  it  is  not  possible  to  compare  his  values  with  those  of  the  other  authors  of 
Table  m. 
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The  inorganic  fraction  was  analyzed  by  all  authors  listed  in  Table 
III,  Column  3.  It  was  determined  by  the  direct  analysis  (without 
ashing)  of  the  deproteinized  filtrate.  Since  5  of  these  authors  also 
analyzed  the  total  phosphorus  content,  the  percentage  of  inorganic 
phosphorus  can  be  given  as  follows:  Krasnow,  Karshan  and  Krejci 
(71)  by  the  Tisdall  (112)  method — 100  per  cent;  Youngburg  (118) — 
96  per  cent;  Mathis  (82) — ^95.5  per  cent;  Axmacher  (7) — 87  per  cent; 
and  Price  (101) — 50  per  cent.  Entin  and  Geikin’s  (30)  value  of  83 
per  cent  is  questionable  because  of  the  unacceptable  total  phosphorus 
calculation.  The  remaining  4  authors  determined  only  the  total 
acid-soluble  content,  from  which  the  inorganic  percentage  was  cal¬ 
culated  by  us.  The  results  range  as  follows:  Clark  and  Shell  (21) — 
100  per  cent;  Smith  (110)— 91  per  cent;  Adamson  (3) — 83  per  cent; 
Weber  (116) — 41  to  98  per  cent. 

The  organic  fractions  (total  organic,  organic  acid-insoluble,  and 
organic  acid-soluble)  can  be  calculated  directly  from  the  values  of 
columns  1,  2  and  3  of  Table  III.  The  formulas  for  these  calculations 
are  given  on  page  219  under  “Fundamental  Principles.”  Entin  and 
Geikin  (30)  were  the  only  authors  to  determine  an  organic  fraction 
by  direct  analysis  as  noted  below. 

It  is  not  surprising  that  the  total  organic  phosphorus  content  of 
saliva  cannot  be  calculated  from  the  data  of  several  authors  because 
the  total  phosphorus  was  not  determined.  Krasnow,  Karshan  and 
Krejci  (71)  report  a  very  peculiar  discrepancy  between  the  Fiske 
and  Subbarow  and  the  Tisdall  methods.  While  the  latter  gave  0 
per  cent,  they  found  with  the  former  as  high  as  30  per  cent.  Kras¬ 
now  (70)  explains  this  on  the  basis  of  poor  color  development  found  in 
the  case  of  the  Fiske  and  Subbarow  method.  They  offer  no  explana¬ 
tion  for  the  complete  absence  of  organic  matter  by  the  Tisdall  pro¬ 
cedure.  Youngburg  (118)  found  4  per  cent;  Mathis  (82)  4.5  per  cent; 
Axmacher  (7)  13  per  cent;  and  Price  (101)  even  50  per  cent.  In 
other  words,  there  is  a  range  of  0  to  50  per  cent  in  the  results  of  the 
total  organic  portion;  it  is  difficult  to  reconcile  this  extreme  variation 
on  any  known  basis.  It  must  be  necessarily  concluded  that  not  all 
of  the  fundamentals  of  analytical  procedure  were  consistently  fol¬ 
lowed  or  there  were  errors  introduced  by  miscalculation. 
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For  organic  acid-insoluble,  Mathis  (82)  found  0  per  cent;  Youngburg 
(118)  4  per  cent;  and  Entin  and  Geikin  (30)  17  per  cent  of  the  sum  of 
organic  acid-insoluble  phosphorus  (determined  directly  on  the  ash 
of  the  trichloracetic  precipitate)  and  inorganic  phosphorus.  The 
results  of  organic  acid-soluble  calculations  varied  from  0  per  cent  of 
Youngburg  and  Clark  and  Shell  (21)  to  the  4.5  per  cent  of  Mathis. 
Since  Smith,  Adamson  and  Weber  did  not  determine  the  total  phos¬ 
phorus  content  of  saliva,  their  values  for  organic  acid-soluble  phos¬ 
phorus  are  expressed  as  percentage  of  total  acid-soluble  phosphorus, 
which  amount  to  9  per  cent  for  Smith  (110),  17  per  cent  for  Adamson 
(3)  and  2  to  59  per  cent  for  Weber  (116).  Adamson  and  Smith 
designated  the  organic  acid-soluble  part  simply  as  the  organic  phos¬ 
phorus.  The  values  of  these  2  authors  are,  therefore,  entered  in 
Column  6  and  not  Column  4  of  Table  III.  There  are  several  possible 
causes  to  which  this  variation  of  0  to  59  per  cent  may  be  attributed; 
such  as,  the  use  of  preliminary  centrifugation,  deficiency  in  analytical 
procedure,  number  of  cases,  variation  in  amount  of  epithelial  cells, 
debris  content,  etc.  It  was  not  possible  to  determine  therdle  of  these 
factors  from  the  published  data.  It  seems  sufficient  to  say  that  both 
our  knowledge  and  the  collection  of  analytical  material  of  the  total 
organic  phosphorus  and  its  2  subdivisions  are  inadequate. 

Five  authors  estimated  the  phospholipids  (Column  7  of  Table  III), 
which  are  a  fraction  of  the  acid-insoluble  organic  phosphorus.  They 
are  determined  directly  on  the  alcohol-ether  extract  of  the  whole 
saliva.  This  extract  is  wet  ashed  and  the  determination  continued 
as  for  total  phosphorus.  Youngburg  (118).  and  Mathis  (82)  found 
0  per  cent.  Other  authors  expressed  their  findings  in  mg.  per  cent. 
Krasnow  (69)  reported  0.1  to  0.4  mg.  per  cent.  Krasnow  and  Rosen 
(72)  0.05  to  1.79  mg.  per  cent  and  Weber  (116)  found  the  extremely 
high  figures  of  8.5  to  14.0  mg.  per  cent.  It  is  impossible  to  account 
for  this  variation  on  the  basis  of  their  reports  and  indicates  the  need 
for  further  investigation. 

The  discrepancies  of  results  within  the  various  fractions  suggest 
that  in  the  determinations  and  calculations  several  factors  can  influ¬ 
ence  the  establishment  of  percentages;  outstanding  is  the  technical 
approach.  The  same  deficiencies  in  technique  were  found  in  the 


consideration  of  the  results  in  mg.  per  cent  of  calcium  analyses  (11) 
where  none  of  the  reports,  excepting  that  of  Clark  and  Shell  (21), 
could  be  accepted  for  the  establishment  of  normal  standards. 

One  must  suspect  a  difference,  especially  in  the  organic  fractions, 
between  resting  and  activated  saliva,  between  centrifuged  and  un¬ 
centrifuged  saliva  and  between  the  saliva  of  adults  and  children.  If 
these  factors  of  possible  influence  are  disregarded,  differences  in  the 
percentage  distribution  must  be  expected.  It  has  been  our  concept 
that  centrifugation  influences  the  results  to  some  extent,  and  an 
attempt  was  made  to  examine  its  effect.  For  this  purpose  centrifuged 
and  imcentrifuged  samples  of  5  different  cases  were  examined  for  the 
total  phosphorus  (both  by  wet  and  dry  ashing),  total  acid-soluble  and 
inorganic  fractions.  The  percentages  were  calculated  in  2  ways 


TABLE  IV 

Average  percentages  of  various  phosphorus  fractions  for  five  individual  cases 


TOIAI,P. 

TOTAL 

AOD-SOL. 

P. 

noB.P. 

OBOAMICP. 

ToUl 

Acid4iuoI. 

Add-wl. 

Centrifuged . 

f*r  cent 

100 

100 

percent 

101.0 

98.0 

per  cent 

94.9 

91.0 

per  cent 

5.1 

9.0 

per  cent 

-1.0 

2.0 

percent 

6.1 

7.0 

Uncentrifuged . 

(Table  IV).  First,  the  total  phosphorus  content  of  the  centrifuged 
samples  was  taken  as  100  per  cent,  and,  second,  the  total  phosphorus 
of  the  uncentrifuged  saliva  was  taken  as  100  per  cent.  It  can  be 
readily  noted  that  there  is  very  little  percentage  difference  in  Columns 
1  and  2,  and  in  Column  3  the  difference  is  about  4  per  cent.  In  cal¬ 
culating  the  organic  phosphorus  fraction  of  centrifuged  and  uncentri¬ 
fuged  saliva  the  only  distinct  difference  appears  in  Column  4,  with  the 
total  organic  phosphorus  of  uncentrifuged  saliva  definitely  higher 
than  in  centrifuged  saliva.  The  percentage  differences  in  columns 
5  and  6  are  small. 

On  the  basis  of  these  5  samples  it  can  be  concluded  that  as  far  as 
percentage  calculations  of  the  individual  phosphorus  fractions  are 
concerned,  there  is  little  difference  between  centrifuged  and  uncentri¬ 
fuged  samples  of  the  same  saliva.  However,  the  fact  should  be 
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stressed  that  even  though  the  centrifugation  process  does  not  seem 
to  affect  the  percentages,  it  lowers  the  actual  results  in  mg.  per  cent 
very  decidedly.  (To  be  reported  separately.)  Since  the  centrifuged 
samples  are  freed  from  contaminating  material,  which  frequently 
leads  to  fluctuations  in  the  results,  the  centrifugation  process  was 
adopted  in  this  laboratory  for  phosphorus  analysis;  so  all  future  cal¬ 
culations  of  percentages  are  based  on  the’ results  obtained  for  centri¬ 
fuged  samples.  It  seems,  therefore,  that  the  average  distributions 
of  the  various  phosphorus  fractions  are  as  follows:  total  phosphorus, 
100  per  cent;  total  add-soluble,  100  per  cent;  inorganic  phosphorus, 
95  per  cent;  total  organic  phosphorus,  5  per  cent;  organic  add- 
insoluble,  0  per  cent;  organic  add-soluble,  5  per  cent. 

If  the  analytical  figures  of  Table  IV  are  compared  with  those  of 
the  authors  in  Group  11,  Table  IH,  who  based  the  calculations  of 
their  values  on  the  total  phosphorus  taken  as  100  per  cent,  it  can  be 
noted  that  only  the  values  of  Azmacher  (7)  and  Mathis  (82)  approxi¬ 
mate  them.  It  is  surprising  to  note  that  Price  (101)  found  as  much 
as  50  per  cent  total  organic  phosphorus.  Since  he  did  not  determine 
the  total  add-soluble  phosphorus  one  wonders  what  the  percentages 
for  add-soluble  and  add-insoluble  organic  phosphorus  fraction  would 
be  if  calculated.  Youngburg’s  (118)  pooled  sample  is  hardly  com¬ 
parable.  Krasnow,  Karshan  and  Krejd  (71)  found  in  4  samples 
30  per  cent  total  organic  phosphorus  and  in  an  additional  13  cases 
0  per  cent.  Since  they  did  not  accept  their  own  values  found  by  the 
Fiske  and  Subbarow  method  because  of  interference  with  color  develop¬ 
ment  in  the  inorganic  fraction,  the  0  per  cent  of  total  organic  phos¬ 
phorus  for  thirteen  cases  seems  to  be  their  concept  of  the  real  dis¬ 
tribution,  which  is  in  variance  with  the  findings  of  all  other  authors 
as  well  as  tho^  in  Table  IV. 

It  is  questionable  whether  the  various  phosphorus  fractions  are 
always  present  in  the  same  proportion.  Even  though  attempts 
have  been  made  by  previous  investigators  (Table  III)  to  establish 
percentages  of  salivary  phosphorus  fractions,  only  the  values  of 
Axmacher  (7)  and  Mathis  (82)  seem  to  represent  the  true  condition 
in  saliva,  but  they  cannot  be  accepted  for  reasons  explained  previously 
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For  the  sake  of  completeness  mention  must  be  made  of  the  enzyme 
salivary  phosphatase.  In  recent  years  this  enzyme  has  been  the 
subject  of  several  studies  because  of  its  suspected  r61e  in  the  avail¬ 
ability  of  inorganic  phosphorus  for  chemical  processes  in  the  oral 
cavity.  Demuth  (22)  in  1925  reported  the  presence  of  small  amounts 
of  an  hexose-diphosphate  hydrolyzing  enzyme  in  saliva.  In  1929 
Adamson  (2,  3)  discussed  the  action  of  enzymes  in  calculus  formation. 
He  concluded  that:  human  gum  tissue  contains  an  active  enzyme 
which  will  hydrolyze  glycerophosphoric  ester;  saliva  and  blood  serum 
contain  phosphoric  esters  capable  of  being  hydrolyzed  by  the  enzyme; 
the  organic  phosphate  of  saliva  (the  phosphoric  ester)  is  probably 
of  the  hexosephosphoric  group;  human  gum  tissue  does  not  contain 
pyrophosphatase.  From  his  observations  Adamson  concludes  further 
that  the  phosphatase  of  gingival  tissue  can  be  released  by  trauma  and 
then  by  its  action  on  the  organic  phosphate  of  saliva  release  inorganic 
phosphate.  The  latter  is  then,  under  favorable  conditions,  precipi¬ 
tated  as  salivary  calculus.  Adamson  did  not  refer  to  the  previous 
work  of  Demuth.  Smith  followed  Adamson  in  1930  (110)  and  found 
no  relationship  between  the  amount  of  calculus  deposited  in  the 
mouth  and  the  organic  phosphate  of  resting  saliva.  Smith  did  find 
phosphatase  enzyme  present  in  the  desquamated  epithelial  cells  of 
saliva.  The  optimum  pH  for  the  activity  of  the  enzyme  was  found 
to  be  5.5.  By  the  use  of  gingival  epithelium  Smith  was  able  to 
deposit  calcium  phosphate  in  vitro  but  was  unable  to  show  a  similar 
deposit  in  gingival  tissue  in  the  mouth.  Of  the  previous  work  Smith 
mentioned  only  that  of  Adamson.  The  latest  report  is  that  of  Giri 
(39),  1936,  who  found  a  salivary  phosphatase  and  observed  that  it 
was  identical  with  the  urinary  phosphatase  reported  by  Dmochowski 
and  Assenhajm  (24).  Giri  examined  the  parafl&n  activated  saliva 
of  adults  collected  with  toluol,  centrifuged  and  dialyzed.  He  de¬ 
scribed  the  enzyme  as  an  added  glycerophosphatase,  having  an  op¬ 
timum  pH  range  of  4.0  to  5.0. 

It  becomes  evident  from  the  findings  for  aU  phosphorus  fractions, 
including  the  enzyme  phosphatase,  that  definite  conclusions  for 
establishing  standard  norms  of  ranges  for  saliva  cannot  be  reached. 
The  scarcity  and  inadequacy  of  results  reported  in  the  literature  is 
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disconcerting  and  bewildering  and  opens  a  wide  field  for  scientific 
investigation. 

SUMMARY  AND  CONCLUSIONS 

The  increasing  interest  of  the  dental  profession  in  salivary  composi¬ 
tion  has  made  it  necessary  to  study  in  detail  those  elements  in  the 
body  that  are  closely  related  to  growth  and  development  of  bone  and 
teeth:  calcium  (11,  114)  and  phosphorus  (12).  Considerable  knowl¬ 
edge  on  the  importance  of  phosphorus  compounds  for  the  maintenance 
of  health  of  the  body  is  available;  however,  little,  if  any,  information 
is  available  regarding  their  influence  on  mixed  human  saliva.  The 
fact  that  several  phosphorus  fractions  exist  complicates  the  under¬ 
standing  of  the  problem  considerably.  The  interest  for  further 
investigations  has  been  renewed  by  statements  of  several  authors  to 
the  effect  that  the  formation  of  calculus  and  the  occurrence  of  para- 
dentosis  and  caries  seem  to  depend  largely  on  the  variability  of  salivary 
phosphorus. 

Many  attempts  have  been  made  to  gain  insight  into  this  important 
problem,  but  the  results  obtained  are  not  too  encouraging.  This  is 
true  not  only  of  the  percentage  distribution  of  the  various  phos¬ 
phorus  fractions  and  salivary  phosphatase  but  also  of  the  actual 
phosphorus  results  in  milligrams  per  cent  (12).  There  was  more  a 
lack  of  understanding  of  the  nomenclature  and  differentiation  of  the 
various  phosphorus  fractions  present  in  saliva  than  discrepancies 
in  technique.  It  became  necessary,  therefore,  to  investigate  carefully 
the  technical  approach  of  each  investigator  as  well  as  to  determine 
the  actual  fraction  or  fractions  examined.  In  many  instances  it  was 
impossible  to  detect  from  the  reports  what  actually  was  done;  many 
were  directly  misleading.  The  fundamental  principles  of  accuracy 
and  applicability  of  phosphorus  analysis  to  general  biological  material 
have  been  discussed  in  this  papor  and  applied  to  the  determination 
of  salivary  phosphorus  fractions.  These  conclusions  enable  one  to 
judge  the  merits  of  the  many  publications  which  have  appoared 
in  the  last  few  years  and  to  utilize  them  for  comparative  purposes. 

Among  the  investigators  of  salivary  phosphorus  there  were  only  12 
who  were  interested  in  more  than  1  fraction  (Table  III)  and  not  all  of 
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this  group  determined  the  same  fractions.  The  results  obtained 
by  actual  determination  or  calculation  vary  tremendously.  Close 
analysis  of  the  investigators’  work  leads  the  reader  to  believe  that  the 
discrepancies  are  due  to  differences  in  the  selection  of  material  and 
the  preliminary  treatment  of  saliva  samples. 

The  inadequacy  of  reported  material  and  procedures  makes  it 
impossible  to  establish  definite  normal  percentage  ranges  for  the 
various  fractions  and  emphasizes  the  necessity  for  further  scientifically 
planned  investigations  in  this  field. 

REFERENCES  TO  LITERATURE 

References  for  this  paper  and  the  two  accompanying  papers  have  been  combined  and 
appear  at  the  end  of  the  last  paper  (p.  247). 
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V.  A  Technical  Procedure  por  Phosphorus  Analysis^  * 

W.  W.  WAINWRIGHT,  D.D.S.,  M.S. 

The  George  Williams  Hooper  Foundation  for  Medical  Research  and  Division  of  Dental 
Medicine,  College  of  Dentistry,  University  cf  California,  San  Francisco. 

INTRODUCTION 

The  technical  procedure  of  phosphorus  analysis  has  offered  great 
difficulties  because  of  the  slow  growth  of  knowledge  of  the  phos¬ 
phorus  fractions  and  their  organic  combinations,  and  the  great 
variations  in  concentration  and  amount  of  phosphorus  in  the  material 
examined.  Most  salivary  methods  have  been  of  the  type  not  requir- 
mg  preliminary  precipitation  of  phosphorus.  The  continuous  im¬ 
provement  which  these  methods  have  imdergone  has  lately  resulted 
in  simple,  speedy  micro  methods  having  an  accuracy  claimed  to  be 
within  ±2  to  3  per  cent  over  a  range  of  phosphorus  from  0.01  to 
0.04  mg. 

It  has  been  shown  (12, 12A)  that  most  investigators  of  salivary  phos¬ 
phorus  used  one  of  the  following  colorimetric  methods:  Bell-Doisy  (13) 
(or  modifications  thereof) ;  Kuttner  and  Cohen  (74)  (or  modifications 
thereof);  Tisdall  (112);  or  Fiske  and  Subbarow  (34).  In  spite  of  the 
fact  that  methods  were  used  which  are  accepted  as  accurate  for  the 
analysis  of  blood,  the  results  of  salivary  analysis  vary  so  much  that 
it  is  not  possible  to  compare  the  work  of  different  authors.  It  was 
therefore  necessary  to  survey  the  literature  from  the  standpoint  of 
the  phosphorus  fraction  examined  because  this  important  point  was 
ignored  in  the  interpretation  and  description  of  data  by  many  in- 

*  This  research  has  been  carried  on  under  a  Fellowship  grant  from  the  Carnegie 
Corporation,  New  York  City. 

*  Presented  at  a  joint  meeting  of  the  San  Francisco  Section  of  the  International  Asso¬ 
ciation  for  Dental  Research  and  the  Northern  California  Section  of  the  American  College 
of  Dentists  in  San  Francisco,  March  10,  1937,  and  to  the  California  State  Dental  Asso¬ 
ciation  in  San  Jose,  April  13, 1937. 
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vestigators  (12).  Some  authors  reported  the  analysis  of  more  than  1 
fraction. 

For  the  establishment  of  normal  standards,  which  remains  the 
primary  problem  confronting  the  investigator  of  the  minerals  of 
saliva,  the  first  requisite  is  a  method  applicable  to  saliva.  In  order 
to  be  sure  that  all  of  the  possibilities  of  technical  error  are  adequately 
controlled,  it  is  necessary  to  check  the  several  types  of  methods 
accepted  in  general  biochemical  work  on  test  solutions  containing 
known  amounts  of  phosphorus  and  on  saliva  itself. 

APPLICATION  OF  THE  FUNDAMENTALS  OF  PHOSPHORUS 
DETERMINATION  TO  THE  ANALYSIS  OF  TEST 
SOLUTION  AND  SALIVA 

A.  Test  Solution.  The  variation  in  results  reported  in  the  literature 
is,  in  part,  due  to  the  many  deficiencies  in  the  approach  to  salivary 
phosphorus  analysis  (12,  12A).  The  checking  of  a  method  on  a  test 
solution  has  been  considered  minor,  yet  it  is  very  valuable  in  judging 
the  accuracy  of  a  method  in  the  hands  of  the  individual  technician 
and  its  suitableness  for  the  amounts  of  phosphorus  contained  in  the 
samples  available.  It  is  surprising  to  note  that  in  44  reports  only  8 
stated  that  the  method  had  been  checked  on  a  test  solution.  Mathis 
(82)  even  stated  that  the  method  he  used  was  so  well  described  by  the 
original  authors  that  it  was  not  necessary  for  him  to  check  it  on  test 
solution.  In  order  to  check  the  accuracy  in  our  hands  of  the  4  most 
popular  technics  (12),  the  following  were  tried  on  test  solution  and 
saliva:  Tisdall;  Briggs,  Bell-Doisy:  Fiske  and  Subbarow;  and  the 
stannous  chloride  method  according  to  Bodansky.  The  test  solution 
was  prepared  to  contain  20  mg.  per  cent  inorganic  phosphorus  (La 
Motte’s  buffer  grade  KHsPOO ;  diluted  with  equal  parts  of  10  per  cent 
CCUCOOH;  filtered;  and  aliquots  were  taken. 

The  fundamental  principles  of  each  of  the  four  methods  are  de¬ 
scribed  separately  (12A).  The  Tisdall  method  (112,  89  and  62) 
(recommended  for  saliva  (71)  requires  between  0.02  and  0.1  mg. 
phosphorus  (0.25  cc.  test  solution).  The  Briggs,  Bell-Doisy  (18,  13 
and  89)  procedure  and  the  Fiske  and  Subbarow  (34  and  43)  technic 
are  quite  similar  and  are  by  far  the  most  popular  of  all  microcolorimet- 
ric  methods  in  biological  work.  They  require  about  0.02  to  0.1  mg. 
phosphorus,  corresponding  to  0.25  cc.  of  test  solution.  The  stannous 
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chloride  methods  have  been  given  a  recent  impetus  by  the  publications 
of  Kuttner  and  Cohen  (74);  Kuttner  and  Lichtenstein  (75);  Yoimg- 
burg  (118,  119  and  44)  and  Bodansky  (16).  This  method  requires 
0.01  to  0.04  mg.  phosphorus  (0.1  cc.  test  solution). 

Each  method  was  tested  on  the  wet  ashed  and  unashed  (direct) 
trichloracetic  filtrate  [by  cautiously  heating  with  H1SO4  over  a  micro- 
burner;  the  procedure  with  perhydrol  (Merck)  in  place  of  HNOi  is 
used  (see  footnote  page  241)  (118, 89,  page  69)].  The  amount  of  H1SO4 
used  in  wet  ashing  is  adjusted  so  that  the  aliquot  will  contain  the 
equivalent  of  1  cc.  2N  H1SO4.  The  excess  acid  is  compensated  for 


TABLE  I 

Analyses  of  test  solution  containing  20.0  mg.  per  cent  phosphorus  by  four  colorimetric  methods 


KBIHOT 

TmiCBLOKACSTIC  ACID  TILTKATK 

Unaihed 

Ashed 

Stannous  chloride . | 

mg.  percent 

20.0 

20.0 

mg.  per  cent 

20.1 

19.8 

Briggs,  Bell-Doisy . | 

19.9 

20.0 

20.0 

19.9 

Fiske  and  Subbarow . | 

20.1 

20.1 

20.2 

20.1 

Tisdall . 1 

20.0 

20.3 

20.0 

20.0 

by  the  use  of  a  second  molybdate  solution  in  which  the  HsS04  con¬ 
centration  has  been  reduced  appropriately. 

The  results  tabulated  in  Table  I  show  a  satisfactory  recovery  of  the 
phosphorus  known  to  be  present  by  each  of  the  4  methods.  The 
ashing  procedure  is  shown  to  be  satisfactory  and  not  to  cause  the  loss 
of  any  phosphorus,  e.g.,  by  overheating  at  the  meniscus,  etc.  and 
proves  that  no  phosphorus  is  contained  in  the  reagents. 

B.  Saliva.  In  order  to  test  the  properties  of  these  methods  on  the 
unknown  solution,  saliva,  7  samples  were  analyzed  simultaneously 
by  all  4.  In  Table  II  are  found  the  results  by  the  methods  of  Bodan¬ 
sky;  Briggs;  and  Fiske  and  Subbarow.  Close  checks  were  obtained 
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with  all  the  methods  on  the  same  sample  of  saliva.  Especially  is  it 
interesting  to  note  that  this  is  true  of  the  unashed  samples,  too, 
because  of  the  possible  presence  of  organic  material  or  other  sub¬ 
stances  which  could  interfere  with  color  production.  In  Table  III 
are  given  the  results  by  the  Tisdall  method.  These  were  placed 
separately  as  they  did  not  show  as  good  check  on  the  duplicate 
determinations  as  did  the  first  3  methods.  They  are  sufl&cient  to 
indicate  check  results  for  those  of  Table  II.  The  reason  for  the 
discrepancies  noted  may  be  due  to  the  lack  of  experience  with  the 
method  or  to  the  complicated  procedure. 

Poor  color  development  is  frequently  mentioned  in  the  literature. 
It  may  be  due  to  a  variety  of  causes,  which  include  the  following; 
(a)  opalescence  of  the  trichloracetic  filtrate;  (b)  turbidity  after  the 
addition  of  the  molybdate  solution;  (c)  turbidity  after  the  addition 
of  the  reducing  reagent;  (d)  interference  with  intensity  or  shade; 
(e)  instability  of  color.  The  question  arises,  of  course,  as  to  whether 
the  presence  of  a  poor  color  can  be  ignored  or  whether  some  methods 
are  exempt  from  this  disturbance.  Several  opinions  have  been 
expressed  in  the  matter;  all  of  them  refer  to  the  incomplete  precipita¬ 
tion  of  proteins  by  trichloracetic  acid  as  being  a  responsible  factor. 
For  this  reason,  6  persons  were  selected  whose  saliva  was  known  to 
produce  a  poor  color. 

From  Table  IV  it  can  be  seen  that  the  2  methods  (Briggs,  Bell- 
Doisy;  and  Fiske  and  Subbarow)  which  were  mentioned  in  the  litera¬ 
ture  as  occasionally  developing  a  poor  color  showed  this  defect  in 
every  one  of  these  selected  cases.  The  stannous  chloride  reagents 
were  notably  free  of  the  defect  in  all  but  1  of  the  6  cases.  By  all 
methods  the  wet  ashed  samples  were  entirely  free  of  interfering 
substances.  It  was  apparently  possible  for  the  poor  colors  to  be 
approximated  more  or  less  successfully  with  the  standard  since  the 
results  by  all  3  methods  check  very  closely,  the  percentage  variation 
being  within  ±5  per  cent.  It  is  desirable  that  the  poor  color  be 
avoided  in  some  way  in  order  to  facilitate  the  comparison  of  unknown 
and  standard  in  the  colorimeter.  Clark  and  Shell  (21)  noted  that, 
in  their  5  cases,  the  slight  turbidity  of  the  trichloracetic  filtrate 
disappeared  upon  the  addition  of  the  Bell-Doisy  reagents.  Forbes 
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TABLE  n 


Comparative  study  of  phosphorus  nsethods  on  the  same  sample  of  mixed  resting  saliva 
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TABLE  III 

Analysis  of  salivary  inorganic  phosphorus  and  total  acid-soluble  phosphorus  by  the 

Tisdall  method 
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(35)  found  that  with  the  adapted  Fiske  and  Subbarow  method  it 
was  sometimes  necessary  to  centrifuge  out  interfering  substances. 
Smith  (110)  noted  that  a  turbidity  always  developed  upon  the  addition 
of  the  molybdate  reagent  in  the  Fiske  and  Subbarow;  and  Briggs 
methods,  in  spite  of  variation  of  the  percentage  of  trichloracetic  acid 
or  the  use  of  other  precipitants.  Smith  was  unable  to  identify  the 
precipitate  producing  turbidity  as  a  protein.  He  cited  Robinson  and 
Soames,  who  found  a  similar  precipitate  in  the  determination  of  or¬ 
ganic  phosphates  in  rat’s  blood  to  be  due  to  the  presence  of  protein 

TABLE  rV 


Comparative  study  of  stannous  chloride;  Briggs,  Bell-Doisy;  and  Fiske  and  Subbarow 
procedures  on  selected  cases  developing  poor  color 
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15. 9A 
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9. 1C 

9.5 
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A — very  slight  greyish  blue  color,  B — slight  greyish  blue  color,  C — greyish  blue  color, 
D — greyish  green  color,  E — extreme  greyish  green  color. 


cleavage  products.  Smith  found  that  a  preliminary  isolation  of  the 
phosphorus  as  magnesium  ammonium  phosphate  enabled  him  to 
remove  all  interfering  substances.  Krasnow,  Karshan  and  Krejci 
(71)  reported  that  lower  results  were  obtained  on  trichloracetic  fil¬ 
trates  when  analyzed  by  the  Fiske  and  Subbarow  technic  than  when 
the  Tisdall  procedure  was  used.  Krasnow  (70)  suggests  that  the 
Tisdall  procedure  is  not  affected  by  the  slight  opalescence  of  some 
trichloracetic  filtrates  as  is  the  Fiske  and  Subbarow  technic.  Shear 
and  Kramer  (107)  removed  the  interference  with  color  development 
by  turbidity,  in  the  analysis  of  bone  trichloracetic  filtrates  by  the 
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Briggs,  Bell-Doisy  technic,  by  filtering  the  molybdate  solution  just 
before  adding  the  sulfite  and  hydroquinone. 

In  the  case  of  saliva  none  of  these  measures  seem  adequate  for  the 
control  of  poor  color  development  with  the  Bell-Doisy  or  Fiske  and 
Subbarow  technics.  Clark  and  Shell’s  experience  was  not  confirmed 
on  a  larger  number  of  cases  (see  Table  IV).  Forbes’  method  of  centri¬ 
fuging  out  the  suspended  material  of  the  final  colored  solution  was 
found  to  give  low  values,  as  was  Shear  and  Kramer’s  technic  of  filtering 
the  turbid  molybdate  solution.  The  use  of  alcohol  as  a  precipitant 
also  resulted  in  loss  of  phosphorus.  When  these  samples  developing 
poor  color  are  encountered,  it  is  possible  to  wet  ash*  the  trichloracetic 
filtrate,  thus  determining  the  total  acid-soluble  phosphorus  instead 
of  the  inorganic  fraction.  This  unsatisfactory  situation  can  usually 
be  avoided  by  the  use  of  the  stannous  chloride  reagents,  as  described 
by  Bodansky.  The  blue  color  developed  by  these  reagents  is  so  much 
more  intense  than  that  produced  by  the  Briggs  or  Fiske  and  Sub¬ 
barow  procedures  that  only  4/10  the  amount  of  saliva  is  required  to 
produce  a  color  of  about  double  intensity. 

Because  of  the  consistent  accuracy,  simplicity  and  speed  of  the 
stannous  chloride  method,  as  described  by  Bodansky  (16),  it  has  been 
selected,  with  certain  modifications,  as  the  standard  method  for  this 
laboratory. 

Preliminary  centrifugation  has  not  been  used  by  many  investigators 
in  the  analysis  of  salivary  phosphorus.  As  was  the  case  with  calcium 
(11  and  114),  it  was  necessary  to  decide  whether  or  not  to  include  in 
the  analyris  of  saliva  the  epithelial  cells,  debris,  etc.  Of  the  44  authors 
reporting  the  analysis  of  salivary  phosphorus  (12)  only  3  (19,  117,  9 
and  10)  used  preliminary  centrifugation.  Clark  and  Levine  (20) 

*  Transfer  aliquots  to  a  pyrez  10  cc.  volumetric  flask  and  reduce  volume  to  few  drops 
by  boiling  cautiously  over  micro  burner.  Add  0.5  cc.  ION  H1SO4  and  heat  until  white 
fumes  appear  in  flask  but  not  hotter  in  order  to  prevent  loss  of  HtS04  or  HtP04.  Con¬ 
tinue  heating  until  mixture  darkens  as  much  as  it  will,  allow  to  cool  about  30  seconds; 
then  add  drop  of  perhydrol  and  heat.  More  perhydrol  is  used  if  the  solution  does  not 
clear  (89,  page  69;  118).  By  heating  cautiously  from  the  side  of  the  flask  the  use  of  a 
bead  to  prevent  bumping  is  avoided.  The  samples  may  be  dry-ashed  in  platinum  by 
simple  ignition  (89,  page  70).  In  this  case,  the  dry  ash  is  dissolved  by  the  equivalent  of 
0.5  cc.  ION  HtS04  and  made  to  volume  in  a  10  cc.  volumetric  flask.  Aliquots  of  4  cc.  are 
then  taken  and  a  molybdate  is  used  which  has  been  corrected  for  HtS04  content. 
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discarded  the  use  of  preliniinary  centrifugation  after  testing  phos¬ 
phorus  (as  well  as  calcium  and  chlorides)  on  both  centrifuged  and 
uncentrifuged  saliva.  They  found  a  loss  due  to  centrifugation.  In 
a  footnote  they  state  that  this  is  not  likely  to  be  due  to  the  loss  of 
organic  phosphorus  through  the  removal  of  epithelial  cells,  etc., 
because  of  “. . .  the  fact  that  all  the  phosphorus  of  the  saliva  is  present 
in  the  inorganic  form  . . .”  They  refer  here  to  the  work  of  Clark 
and  Shell  (21).  The  latter  actually  found  that  the  inorganic  phos¬ 
phorus  of  saliva  equaled  the  total  acid-soluble  fraction.  This  has  no 
bearing  in  the  problem  of  preliminary  centrifugation  as  it  does  not 
apply  to  the  total  phosphorus  of  saliva  hut  only  to  the  total  acid-soluble 
fraction.  Clark  and  Levine  determined  the  total  phosphorus  of  saliva 
which  includes  in  addition  to  the  total  acid-soluble  phosphorus  the 
organic  fraction  insoluble  in  acid,  for  which  they  presented  no  data. 
Therefore,  they  have  not  removed  the  possibility  that  the  higher 
phosphorus  values  of  uncentrifuged  saliva,  as  compared  with  cen¬ 
trifuged  saliva,  may  be  due  to  the  inclusion  of  phosphorus  from  cells, 
debris,  etc.  Becks  (10)  stated  that  this  additional  step  of  preliminary 
centrifugation  is  necessary  in  order  to  remove  any  influence  of  debris 
and  cells  upon  the  result.  To  check  the  influence  of  centrifugation 
on  the  results,  5  saliva  samples  were  analyzed  for  the  total  phos¬ 
phorus,  total  acid-soluble  and  inorganic  phosphorus  content.  The 
results  are  recorded  in  Table  V.  Both  methods  of  dry  and  wet  ashing 
were  checked  against  each  other  and  it  is  interesting  to  note  the 
agreement  between  them.  Decreases  were  found  in  the  total  and 
total  add-soluble  phosphorus  of  the  centrifuged  samples  similar  to 
those  noted  in  calcium  analysis.  The  exceptions  are  few,  and  it  can 
be  conduded  generally  that  the  centrifugation  process  has  a  very 
definite  influence  on  the  results.  A  decided  difference  in  the  inorganic 
fraction  of  centrifuged  and  uncentrifuged  samples  could  not  be  foirnd. 
It  is,  however,  conceivable  that  in  certain  samples  a  contamination 
by  insoluble  inorganic  phosphorus  can  occur  which  later  would  become 
dissolved  by  the  trichloracetic  add  reagent  and  would  not  only  give 
higher  values  for  total  phosphorus  and  total  add-soluble  phosphorus, 
but  also  for  inorganic  phosphorus  in  contrast  to  the  centrifuged 
sample.  It  must  be  admitted  that  for  the  determination  of  the 
organic  fractions,  the  centrifugation  process  probably  eliminates  a 
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small  and  variable  quantity  of  organic  material  other  than  that  con¬ 
tained  in  cells.*  However,  since  the  centrifugation  procedure  is  the 
only  one  which  allows  the  removal  of  contaminating  material,  it  is 
our  belief  that  a  sacrifice  has  to  be  made  at  the  expense  of  the  organic 
fractions. 

Comparative  percentages  for  the  above  5  cases  (Table  V)  were 
calculated  using  the  total  phosphorus  of  the  centrifuged  saliva  as  100 
per  cent.  The  average  percentages  for  these  5  cases  are  total  phos- 


table  V 

Influence  of  preliminary  centrifugation  on  the  determination  of  total  phosphorus,  total 
acid-soluble  and  inorganic  phosphorus  of  mixed  resting  saliva* 
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*  The  stannous  chloride  method  of  phosphorus  analysis  according  to  the  modification 

of  Bodansky  was  used  throughout  this  series. 


phorus:  uncentrifuged — 105.8  per  cent,  centrifuged — 100.0  per  cent; 
total  acid-soluble:  uncentrifuged — 103.6  per  cent,  centrifuged — 101.0 
Dcr  cent:  inorcranic:  uncentrifuired — 96.3  t>er  cent,  cefttrifucred — 
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allowed  for  experimental  error.  The  total  acid-soluble  phosphorus 
shows  losses  well  within  the  experimental  error,  while  the  inorganic 
fraction  shows  losses  which  cannot  be  considered  significant. 

These  findings  show  that  there  is  a  significant  loss  after  centrifuga¬ 
tion  if  only  the  total  phosphorus  is  determined.  This  loss  was  sup¬ 
posed  by  Clark  and  Levine  to  be  due  to  the  formation  of  a  calcium- 
phosphorus-mucin  complex  as  a  precepitate.  This  hypothesis, 
however,  would  not  explain  why  the  inorganic  phosphorus  fraction 
does  not  show  a  loss  after  centrifugation.  What  appears  to  happen 
is  that  only  organic  phosphorus  is  removed.  In  the  light  of  these 
findings  the  hypothesis  of  Clark  and  Levine  will  not  hold.  Although 
there  may  be  a  slight  loss  by  centrifugation  in  the  total  salivary 
phosphorus,  nevertheless,  there  should  be  some  routine  means  of 
removing  the  epithelial  cells,  debris,  etc.  It  can,  therefore,  be  gen¬ 
erally  stated  that  the  centrifugation  process  as  found  to  be  essential 
for  all  calcium  analyses,  is  also  a  requirement  for  the  determination 
of  all  phosphorus  fractions. 

The  most  satisfactory  method  adaptable  to  phosphorus  determina¬ 
tion  in  saliva  under  the  widest  possible  range  of  conditions,  is  that 
described  by  A.  Bodansky  in  which  the  stannous  chloride  reagents  are 
used.  It  can  be  applied  where  there  is  a  wide  difference  of  phosphorus 
concentrations  in  standard  and  unknown  solutions.  These  applica¬ 
tions  were  made  possible  when  Bodansky  introduced  the  corrected 
formula  for  calculation  of  the  unknown.  In  addition,  the  reagents 
are,  in  general,  more  stable  than  in  other  colorimetric  methods,  and  the 
procedure  is  brief  and  thus  not  subject  to  the  hazards  of  the  more 
complicated  and  tedious  ones. 

RECOMMENDED  METHOD  FOR  THE  DETERMINATION  OF 
SALIVARY  INORGANIC  PHOSPHORUS 

Complete  descriptions  have  been  given  previously  (114)  for  the 
procedures  of:  collection  of  saliva,  preliminary  centrifugation,  depro- 
teinization  and  the  preparation  of  the  trichloracetic  filtrate. 

After  centrifugation  of  the  saliva  and  preparation  of  the 
trichloracetic  filtrate  the  colorimetric  procedure  is  as  follows:  1. 
Transfer  with  an  accurately  calibrated  pipette  0.2  cc.  trichloracetic 
filtrate  to  a  pyrex  10  cc.  volumetric  flask.  2.  To  another  pyrex 
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10  cc.  volumetric  flask  add  2  cc.  standard  solution  (equivalent  of  0.02 
mg.  phosphorus).  3.  To  each  of  these  flasks  containing  imknown 
and  standard  add  water  to  4  cc.  in  the  flask.  4.  Add  4  cc.  molybdate 
reagent  to  each  flask  and  mix.  5.  Add  1  cc.  dilute  SnCU,  make  to 
volume  with  water.  6.  After  a  minute  or  more  compare  in  color¬ 
imeter.  (Colorimetric  technic  is  described  by  Peters  and  Van  Slyke 
(89)  page  36,  and  Hawk  and  Bergeim  (44)).  Calculation:  the  cor- 

aeMtn»eottmsKm»cou)mttTt»it€/«imsT0H6.% 


nun,  ni^npi  nun.  in|.%pi 


Fig.  1 


rected  tables  and  formulae  of  Bodansky  are  followed.  The  corrected 
formula  is  essential  to  the  success  of  the  method.  The  accompanying 
nomogram  is  used  for  direct  calculation  when  the  equivalent  of  0.1 
cc.  saliva  is  used,  as  in  this  method.  The  figures  for  mg.  per  cent 
phosphorus  are  the  same  as  those  of  Bodansky ’s  Table  I  times  1,000. 

Reagents:  (a)  10  per  cent  trichloracetic  acid  (Merck),  (b)  Stand¬ 
ard  phosphate  solution.  Potassium  acid  phosphate  (La  Motte, 
buffer  grade)  prepared  so  that  2  cc.  contain  0.02  mg.  phosphorus. 
Preserved  with  a  drop  of  toluene,  (c)  Molybdate  reagent.  Prepared 
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fresh  daily  by  mixing:  1  volume  of  cold  ION  HjS04  (300  cc.  concen¬ 
trated  HsS04  made  to  1  liter),  1  volume  7.5  per  cent  molybdate  stock 
solution  added  quickly  while  mixing,  and  finally  2  volumes  of  water. 
(The  7.5  per  cent  molybdate  stock  solution  is  prepared  in  a  2  liter 
flask  from  a  solution  containing  90  g.  molybdic  acid  (Eimer  and 
Amend,  T.  P.,  Special,  “Ammonia-  and  phosphate-free”)  in  250  cc. 
of  5N  NaOH.  This  is  made  to  2  liters  and  mixed.  The  solution 
should  be  faintly  alkaline  to  phenol phthalein.  Let  stand  and  decant 
for  use.)  (d)  Dilute  stannous  chloride.  Sixty  per  cent  «!olution  of 
stannous  chloride  (Eimer  and  Amend,  T.  P.)  in  concentrated  hydro¬ 
chloric  acid  (stored  in  ice-box).  Dilute  1  to  200  for  use  daily. 

StJMMARY 

1.  The  available  surveys  of  the  literature  on  the  calcium  and  phos¬ 
phorus  composition  of  mixed  human  saliva  indicate  the  need  for  further 
clarification  of  the  r61e  of  salivary  electrolytes  in  oral  conditions. 
2.  One  obstacle  in  this  process  has  been  the  lack  of  a  satisfactory 
method  for  salivary  inorganic  phosphorus  analysis.  The  adopted 
method  must  be  not  only  thoroughly  tested  and  compared  with  others 
of  proven  accuracy  and  worth  in  the  biological  field,  but  must  satisfy 
the  peculiar  conditions  of  salivary  analysis.  3.  The  popular  methods 
of  Tisdall;  Bell  and  Doisy;  stannous  chloride;  and  Fiske  and  Subbarow 
were  tested  on  known  solutions  of  inorganic  phosphate  with  satis¬ 
factory  recoveries.  When  these  methods  were  tried  on  saliva  several 
difficulties  were  encountered  which  interfered  with  accurate  checks. 
4.  Poor  color  development  was  pronounced  by  the  methods  of  Bell- 
Doisy ;  and  Fiske  and  Subbarow.  5 .  The  stannous  chloride  procedure, 
as  modified  by  A.  Bodansky,  was  found  to  give  the  most  satisfactory 
results  over  the  widest  possible  range  of  conditions.  6.  Bodansky’s 
procedure  adapted  to  saliva  made  possible  the  use  of  the  smallest 
sample  of  saliva  (average  0.1  cc.)  for  a  single  determination;  gave  the 
best  color  development  when  tested  on  selected  cases  developing 
poor  color  by  the  Bell-Doisy  and  Fiske-Subbarow  technics;  and  was 
foimd  suitable  over  a  range  of  amounts  of  inorganic  phosphorus  from 
0.0090  to  0.0560  mg.  7.  Preliminary  centrifugation  of  the  saliva 
sample  was  adopted  after, testing  and  discussing  the  findings  of  Becks; 
and  Clark  and  Levine.  Losses  due  to  preliminary  centrifugation 
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were  shown  to  involve  principally  the  organic  phosphorus  fraction. 
This  does  not  support  the  hypothesis  of  Clark  and  Levine,  who  state 
that  the  losses  in  centrifuged  saliva  are  not  due  to  the  removal  of  cells, 
debris,  etc.,  but  to  the  formation  of  a  “calcium-phosphorus-mucin 
complex.”  If  this  were  true  the  losses  would  occur  in  the  inorganic 
fraction  as  well.  Clark  and  Levine’s  findings,  based  upon  the  analysis 
of  only  the  total  phosphorus  content,  were  insufficient  to  permit  this 
conclusion.  8.  Trichloracetic  acid  was  used  to  precipitate  proteins 
and  permit  the  determination  of  the  inorganic  phosphorus  fraction. 
9.  A  nomogram  was  constructed  to  lessen  the  labor  of  calculation. 
On  the  chart  the  result  in  mg.  per  cent  phosphorus  can  be  found 
directly  from  the  colorimetric  reading.  10.  A  complete  description 
of  the  recommended  method  according  to  the  modified  Bodansky 
procedure  is  given  for  the  determination  of  salivary  inorganic  phos¬ 
phorus.  Modifications  for  the  determination  of  total  phosphorus 
and  the  total  acid-soluble  fraction  are  also  noted. 
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HYDROGEN  ION  CONCENTRATION  OF  THE  DENTAL 

PLAQUE 

ROBERT  M.  STEPHAN,  D.D.S.,  M.S. 

Department  of  Physiological  Chemistry  and  Metallurgy,  College  of  Dentistry,  University  of 

Illinois,  Chicago,  III. 

Dental  caries  is  a  process  of  dissolution  of  the  enamel  and  dentin. 
It  begins  on  those  areas  of  the  tooth  surface  which  will  retain  adherent 
material  of  a  bacterial  nature,  the  so-called  “plaque”  that  was  dem¬ 
onstrated  in  beginning  smooth-surface  caries  by  Williams  (1).  Since 
the  enamel,  which  is  composed  of  over  95  per  cent  inorganic  sub¬ 
stance,  must  be  penetrated  before  the  dentin  is  reached  in  most  cases, 
it  follows  that  the  carious  plaque  must  be  capable  of  dissolving  the 
inorganic  content  of  the  enamel. 

Studies  on  the  solubility  of  enamel  (2,  3)  have  demonstrated  that 
whereas  slight  dissolution  of  enamel  is  possible  in  buffer  solutions 
with  a  hydrogen-ion  concentration  as  low  as  pH  8.0;  nevertheless  dis¬ 
solution  occurs  only  at  much  greater  hydrogen-ion  concentrations 
when  the  buffer  solutions  contain  small  amounts  of  calcium  phosphate. 
The  exact  physico-chemical  conditions  under  which  enamel  dissolves 
in  the  mouth  have  never  been  determined  but  there  is  evidence  to 
indicate  that  the  pH  must  be  about  5.0  or  below.  Saliva  has  been 
shown  to  contain  sufiScient  calcium  phosphate  to  prevent  it  from 
appreciably  dissolving  enamel  at  the  pH  at  which  saliva  exists  in  the 
mouth.  It  would  seem  that  the  caries-producing  plaque  must  have  a 
pH  considerably  below  the  pH  of  saliva.  The  measurement  of  the 
pH  of  the  plaque  is  of  the  greatest  importance  for  evaluatmg  the  fac¬ 
tors  which  cause  or  prevent  dental  caries. 

Etherington  and  Trimble  (4)  have  reported  measurements  of  the 
pH  of  plaques  made  by  disintegrating  them  in  5  cc.  of  redistilled 
water  and  using  a  colorimetric  technique.  The  author  was  unable  to 
measure  the  pH  of  a  plaque  by  disintegrating  it  in  5  cc.  of  redistilled 
water  and  using  either  a  colorimetric  technique  or  the  glass  electrode. 
The  chief  difficulty  encountered  in  measuring  the  pH  of  the  plaque 
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was  its  size.  The  volume  of  the  plaque  was  seldom  greater  than  1  cm. 
when  removed  from  the  surface  of  the  tooth.  As  this  was  not  suffi¬ 
cient  material  for  the  usual  methods  of  measuring  pH,  a  special  micro¬ 
scopic  technique  was  devised.  The  colorimetric  method  was  adapted 
for  use  in  a  space  about  j  mm.  in  depth.  A  chamber  of  this  depth, 
similar  to  the  chamber  in  a  hemocytometer,  was  made  by  separating 
a  microscopic  slide  from  a  cover-glass  with  small  sections  of  a  second 
cover-glass.  The  plaque  was  placed  in  this  chamber,  a  few  times  its 
own  volume  of  indicator  solution  added  and  then  buffer  indicator 
solutions  of  known  pH  were  placed  in  the  chamber  near  the  plaque 
for  color  comparison.  The  concentration  of  the  indicator  solutions 
was  adjusted  to  give  a  good  color  intensity  at  this  shallow  depth 
and  a  microscope  used  to  view  the  slide. 

MATERIALS  AND  METHOD 

The  indicator  solutions  used  were:  .1  per  cent  aqueous  solutions  of  Brom-cresol  Green, 
Brom-cresol  Purple,  and  Brom-thymol  Blue  which  had  been  brought  to  their  mid-points 
by  the  addition  of  sodium  hydroxide.  The  buffer-indicator  standard  solutions  were 
made  by  mixing  equal  volumes  of  .2  per  cent  indicator  solutions  with  buffer  solutions  of 
Clark  and  Lubs  of  double  concentration.  These  solutions  were  periodically  checked  by 
using  the  glass  electrode,  and  they  covered  a  range  of  pH  4.0  to  7.6  in  steps  of  .2  pH. 
Special  slides  were  prepared  by  cutting  4  mm.  wide  sections  of  }  nun.  thick  cover  glass 
with  a  diamoned  point,  and  cementing  4  of  these  sections  on  a  microscope  slide  with 
Canada  balsam  so  as  to  create  3  equal  spaces  between  them.  When  the  Canada  balsam 
had  hardened  the  slides  were  thoroughly  cleaned  and  rinsed  in  distilled  water.  The  cover 
glasses  which  were  used  over  this  special  slide  were  slightly  smaller  than  the  slide  covering 
all  3  of  the  spaces.  A  binocular  dissecting  scope  with  20X  magnification  used  to  examine 
the  plaque  and  indicator  on  the  special  slides. 

Pipettes  for  the  placing  of  the  indicator  solutions  on  the  slide  were  made  by  drawing 
4  mm.  glass  tubing  to  a  fine  capillary  point  about  .1  to  .2  mm.  in  diameter.  A  small 
piece  of  rubber  tubing  sealed  with  rubber  cement  at  one  end  was  used  as  a  bulb  on  the 
pipette  so  that  very  small  quantities  of  solutions  might  be  accurately  expelled  into  the 
slide  compartment. 

The  mouth  was  rinsed  with  about  200  cc.  of  warm  distilled  water  to  remove  as  much 
saliva  as  possible.  The  areas  to  be  studied  were  isolated  with  cotton  rolls  and  excess 
water  absorbed  on  cotton  pledgets.  As  much  of  the  plaque  as  possible  was  removed 
with  a  stainless-steel  scaler  and  immediately  placed  on  a  special  slide.  If  the  plaque  was 
sufficiently  large  it  was  divided  into  2  or  3  parts.  A  second  and  third  plaque  were  likewise 
placed  in  the  other  divisions  of  the  slide.  A  small  amount  of  indicator  solution  (about 
1  cm.)  was  placed  over  each  portion  of  plaque  with  a  capillary  pipette  and  a  cover  glass 
placed  over  the  slide.  Brom<resol  Purple  was  the  indicator  used  on  the  first  portion  of 
the  plaque.  If  it  turned  a  yellow  color  then  Brom-cresol  Green  was  used  on  the  second 
portion  of  the  plaque;  if  it  turned  purple  then  Brom-thymol  Blue  was  used  on  the  second 
portion.  In  this  way  the  pH  of  the  plaque  was  certain  to  fall  within  the  range  of  one  of 
the  indicators. 
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The  slide  was  placed  on  the  microscope  and  the  color  of  the  indicator  around  the 
plaque  observed.  Small  quantities  of  the  buffer-indicator  standard  solutions  were  then 
placed  near  to,  but  separate  from,  the  plaque  with  a  capillary  pipette,  and  the  colors 
compared.  The  pH  of  the  standard  that  matched  the  color  of  the  indicator  around  the 
plaque  was  taken  as  the  pH  of  the  plaque.  All  of  these  operations  were  done  in  the  least 
possible  time  in  order  to  avoid  atmospheric  influences.  That  this  method  is  capable  of 
measuring  the  pH  of  one-third  cm.  of  plaque  to  an  accuracy  of  .2  pH  was  shown  by 
similar  tests  on  buffers  of  known  pH. 

DISCUSSION 

The  findings  have  been  listed  in  Tables  I,  II,  III  and  IV.  All 
plaques  listed  in  Table  I  were  removed  from  the  buccal,  labial  or  proxi- 

TABLE  I 


mal  surfaces  of  teeth.  These  surfaces  were  clinically  intact  and  readily 
accessible.  The  carious  debris  (Table  II)  was  removed  from  the 
cavity  surface  by  scraping  the  surface  with  a  scaler.  All  plaques 
and  all  carious  debris  were  removed  from  the  mouth  at  one  sitting 
except  in  cases  1, 3,  7  and  22,  from  which  plaques  were  taken  on  several 
different  occasions.  No  attempt  has  been  made  to  indicate  the  areas 
of  the  mouth  from  which  plaques  were  taken  except  in  case  22. 

Cases  1  to  7  were  children  staying  in  the  orthopedic  hospital  whose 
mouths  contained  one  or  more  carious  teeth  and  whose  ages  ranged 
from  11  to  16  years.  It  is  possible  that  the  change  in  diet  produced 
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by  living  in  the  hospital  was  a  factor  which  modified  their  suscepti¬ 
bility  to  caries,  and  since  the  children’s  stay  in  the  hospital  was  seldom 
equal  to  6  months  it  is  probable  the  cavities  reflected  previous  mouth 

TABLE  II 


Number  of  open  cavities  at  pH  indicated 


TABLE  m 

Comparison  of  total  number  of  plaques  with  total  number  of  cavities  at  pH  indicated 


pH 

4.2 

4.4 

4.6 

44 

54  1 

5.2 

5.4 

5.6 

1 

54 

6.0 

6.2 

6.4 

6.6 

64 

7.0 

TO¬ 

TAL 

pH 

Avn- 

AGS 

Total  plaques .... 

0 

0 

1 

6 

11 

25 

16 

IS 

30 

30 

32 

15 

12 

17 

1 

211 

5.9 

Total  cavities. . . . 

1 

4 

5 

0 

4 

10 

4 

6 

2 

1 

1 

0 

0 

0 

0 

38 

5.2 

TABLE  IV 

Comparison  of  average  pH  of  plaques  and  carious  dibris  in  IS  cases 


CASS 

1 

3 

4 

5 

6 

8 

9 

12 

13 

14 

15  1 

16 

18 

19 

20 

AVIS- 

AOS 

Average  pH  plaques. . . 

5.6 

5.7 

m 

6.4 

m 

6.2 

6.4 

6.2 

6.4 

6.8 

5.7 

6.2 

6.5 

5.9 

5.2 

5.9 

Average  pH  caries. . . . 

5.2 

5.4 

|5.6, 

4.6 

p-6! 

Pi.6 

5.4’ 

4.2 

5.8 

4.6 

4.5 

5.6 

5.0 

4.4 

4.6 

5.2 

conditions.  It  is  significant  to  notice  that  although  the  average  pH 
of  debris  from  cavities  was  .4  imits  below  the  average  of  plaques 
some  plaques  reached  a  pH  as  low  the  carious  material,  with  the 
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exception  of  a  child  who  had  just  come  to  the  hospital  (case  5).  His 
plaques  were  at  a  relatively  high  pH  but  debris  from  a  proximal 
cavity  was  the  lowest  pH  of  the  entire  group. 

Cases  8  to  20  were  children  living  in  a  receiving  home.  Their 
ages  ranged  from  10  to  17  years  and  most  of  them  had  been  living 
at  the  home  for  several  years.  The  difference  in  the  average  pH  of 
the  plaques  and  the  carious  debris  was  greater  than  in  cases  1  to  7, 
namely  1  pH  unit.  If  we  assume  that  caries  occurs  at  a  pH  of  5.0  or 
below,  an  assumption  based  on  the  enamel  solubility  studies  previously 
mentioned,  then  about  one  half  of  the  cavities  were  in  active  decay 
at  the  time  of  testing  whereas  only  1  plaque  could  be  considered  as 
initiating  caries.  Clinically  none  of  the  children  in  this  group  could 
be  considered  very  susceptible  to  caries. 

Case  21  offers  an  illustration  of  the  possible  variations  in  pH  of 
plaques  which  were  taken  from  different  areas  of  the  same  mouth 
at  the  same  time.  The  variation  in  the  pH  of  the  plaques  ranged 
from  4.6  to  6.4.  The  mouth  was  susceptible  to  caries  as  was  shown 
by  the  development  of  3  small  cavities  during  the  previous  year. 

Case  22  was  the  author’s  mouth.  At  the  time  this  study  was 
begun  there  had  been  no  caries  for  the  previous  8  years,  but  16  months 
later  a  small  shallow  cavity  had  developed  on  the  buccal  surface  of 
the  upper  left  third  molar.  Since  this  particular  surface  is  most 
difficult  to  keep  dean,  and  since  no  other  caries  has  occurred  in  the 
mouth  during  this  time,  it  appears  significant  that  the  plaques  from 
this  area  Qisted  in  Table  I,  Case  22,  Column  A)  which  later  devdoped 
a  cavity  averaged  .5  pH  below  plaques  from  other  areas  of  the  mouth 
(listed  in  Table  I,  Case  22,  Column  B)  and  were  the  only  ones  to  reach 
a  pH  of  5.0  or  below.  The  fact  that  plaques  from  this  area  varied 
from  pH  4.8  to  6.8  suggests  that  the  carious  process  was  active  only 
part  of  the  time. 

Case  23  was  a  measurement  of  carious  debris  from  under  a  large 
gold  crown.  The  enamel  and  dentin  were  softened  extensively  but 
retained  their  original  form  to  a  marked  degree.  The  pulp  was  not 
exposed.  Since  mouth  fluids  had  access  to  the  carious  area  only 
through  a  small  hole  in  the  gold  crown,  the  pH  of  4.4  can  be  accepted 
as  that  pH  at  which  the  caries  occurred. 

It  is  obvious  that  within  the  limits  of  error  of  the  method,  the  exact 
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pH  of  the  most  acid  parts  of  the  plaques  or  cavities  was  never  greater 
than  the  pH  as  measured.  It  is  also  obvious  that  the  measurements 
cover  a  range  which  might  be  expected  to  exist  in  the  mouth,  namely 
from  a  pH  which  might  readily  be  expected  to  dissolve  the  enamel  to 
a  pH  approaching  that  of  the  saliva  and  mouth  tissues.  Since  a 
definite  attempt  was  made  to  take  plaques  only  from  intact  surfaces 
of  teeth,  the  low  proportion  of  plaques  with  a  pH  of  5.0  or  below  would 
fit  in  fairly  well  with  the  expected  chances  of  finding  an  actively 
carious  area.  The  relatively  low  pH  of  actively  carious  lesions  ful¬ 
fils  the  requirements  for  decalcification  as  indicated  by  solubility 
studies.  The  finding  that  at  any  given  time  the  plaques  of  the  mouth 
can  differ  by  as  much  as  2  pH  units  demonstrates  the  effect  of  the 
localizing  power  of  each  plaque  and  illustrates  that  saliva  is  unable 
to  neutralize  the  acids  that  cause  decay  of  the  teeth. 

SUMMARY 

211  plaques  were  tested  for  their  hydrogen-ion  concentrations  and 
were  found  to  vary  from  pH  4.6  to  pH  7.0.  The  average  pH  was 
5.9  but  the  distribution  was  fairly  even  from  pH  5.0  to  pH  6.8. 

Debris  from  38  tooth  cavities  was  tested  for  hydrogen-ion  con¬ 
centration  and  was  found  to  vary  from  pH  4.2  to  pH  6.2.  The  average 
was  pH  5.2.  This  was  .7  pH  below  that  of  the  plaques. 

CONCLUSIONS 

1.  A  method  has  been  devised  by  which  the  hydrogen-ion  con¬ 
centration  of  the  dental  plaque  can  be  measured. 

2.  The  ability  of  the  plaque  to  reach  a  hydrogen-ion  concentration 
as  low  as  pH  4.6  has  been  demonstrated.  Enamel  solubility  studies 
have  indicated  that  enamel  will  actively  dissolve  at  this  pH  under 
mouth  conditions. 
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